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Foreword 
"A conference is just an adinission thatyou want someone to join you in your troubles." 
-- Will Rogers 
Long before the recent clamor over endangered species, predators and their management were controversial 
The coyote (Canis latrans) is often at the center of such debates. Cursed by some, revered by others, respected 
by all, the coyote is an icon of the Southwest. 
With the possible exception of its larger cousin, the grey wolf (C. li~pus), no other carnivore has been studied 
so  extensrvely in North Amel-ica as the coyote. Yet, despite the research (or perhaps as a result of rt) many 
ambiguities and contradict~ons abound regarding coyote brology and management Opponents/proponents of 
coyotes represent a classical r-usal versus urban struggle, and the coyote offers a masterful performance of both Dr. 
Jekyll and Ms. Hyde. 
As an educator, I am obliged to maintain an unbiased stance in such debates. Neutrality comes easily for me 
relative to coyote controversies. I have hunted, called, trapped, photographed, videotaped and enjoyed coyotes on 
many occasions over the last 25 years. I savor the many evenings in a sleeping bag near a campfire when awakened 
by a coyote chorus in the witching hour. The rolling hills of western Oklahoma would reveal the locations of all 
coyotes within a mile radius, each answering his nearest neighbor as if responding to some symbolic roll call. I 
feel a kinship with J. Frank Dobie and Ernest Thompson Seton as they penned prose and rhyme about such 
encounters. Yet, as much as I enjoy seeing and heasing the coyote, I respect and appreciate why it is so unwelcome 
in sheep and goat regions. 
I once saw the following epigram scribbled on a men's room wall: "where you stand on an issue, usually 
deper1d.7 ilrpon whew you sit." Speakers and attendees at thrs symposium bring with them vasious perspectives, 
fi-om the far right to the far left and all points in between. Hopefully the brology involved in these arguments (and 
reported he]-ein) is unbiased, and can and should be used as the basis to debate the absolute and relative merits of 
coyotes in this region Such is our challenge. 
These proceedings assemble under one title the culrent state of knowledge about coyotes in the southwestern 
United States. I2opefully the irxfonnation presented herein, coupled with the latent potential to network among the 
various stakel~olders present, will fur-thel- oul- understanding of coyotes and take us closer to resolving coyote- 
related contlrcts. 
--  Dale Rollins 
Conference Coordinator 
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COYOTE POPULATION PROCESSES REVISITED 
FREDERICK 1:. KNOWI,TON, Denver Wlldlife liesearch Center, Utah State Univers~ty, Logan, UT 84322-5295 
ERIC M. GESE, Denver Wildlife Research Center, Utah State Univers~ty, Logan, UT 84322-5295 
Abstract: It appears that coyote (Canrs latrans) abundance 1s determined pr~mal-~ly b  avallabil~ty of food (prey) 
as mediated through social dominance h~erarchles and a telritol-ial land tenure system. This is reflected in rates of 
reproduction, dispersal, and mo~tality, with survival ofjuveniles a major factor Suggestions for a new gencrat~on 
of simulation niodels to explore coyote population funct~ons are included 
l'opulatio~i manipulation is a prominent 
component of many coyote management programs. 
Understand~ng the factors affecting animal 
abundance and the mechanisms of populat~on 
regulation can sss~st  In recognizing the merits and 
liabilities associated w ~ t h  such management 
approaches. In tuni, this should help identify more 
flexible management scenarios and result in 
management programs that are more selective, 
effect~ve and efliclent. 
Gier (1968) and Knowlton (1972) prov~ded 
some ln~tlal ~llforn~ation on coyote populat~on 
parameters. Additional info~~nat~on fr m a variety of 
authors lcad Knowlton and Stoddall (1983) to 
hypotlies~ze that coyote abundance was governed by 
interactions between ava~lable food (prey) and 
coyote behav~oral charactel-~st~cs, namely soc~al 
dominance and territoriality, with the impact 
expressed through the processes of reproduction, 
mortal~ty, ingress and egress. S~milar conclusions 
were reached by Packard and Mech (1983) to 
esplaln population regulation in grey \valves (C. 
Ilcpl~s). Hel.ein we revlew these ideas in I~glit of 
infornlat~on acquo-ed In recent years 
Evidence concerning footl abundance 
K~iowlton and Stoddart (1983) used 3 llnes of 
ev~dence to support the contention that food 
abundance was a major detelminant of coyote 
abundance, namely (I) state by state averages of the 
~ndices of coyote abundance calculated from the 
Westwide Survey of Predator Abundance (1,lnhal-t 
and Knowlton 1975, Roughton and Swecny 1982), 
(2) a meager data set concelnlng coyote and rodent 
abundance on s~ tcs  cattered throughout Texas, and 
(3) a 1 5-year time serles of coyote and jack]-abbit 
(Lepus cul,Sot~riicl~s) density est~mates In Curlew 
Valley, Utah 
Since the prevlous paper, the data set for the 
iirst has not changed and pnor ~nterpretations remain 
largcly Intact, I.e., mean coyote abundancc varies 
among the westcm states and appears to reflect 
pnrnruy productivity H~gher dens~ties occur in the 
Great Plains, a relat~ve scarcity typ~fies the 
mte~mou~ta~ii  reglon, and moderate abundanccs are 
found among the states of the Pacific coast. In 
add~tlon, an Increasing kline In dens~ty from northern 
to southern states seems ev~dent This appears 
conslstent w~th  observations by Weaver (1979) and 
Todd and Kcith (1 976) suggest~ng food suppl~es in 
wulter may be part~cularly important in areas where 
cond~t~ons  are more harsh Gese (1995) identified 
available food resoul-ces in w~nter to be pa~ticularly 
~rnpol-tant in replating size of coyote packs In 
Yellowstone National Park 
The second data set, conceinlng the relative 
abundance of coyotes and rodents on s~tes  
throughout Texas has not been elaborated and is 
unconvlnclng on ~ t s  own Nowevcr, the results are 
conslstent w ~ t h  other sources of information 
Slncc the earher paper, annual and semi-annual 
density est~mates for coyotes and jackrabb~ts in 
Curlew Valley, Utah, were extended to 28 years 
. . Ihat data sct includes intb~mat~on I dicating the 
u~-upt~on I  jackrabbit numbers that peaked In 1980 
subs~ded to vely low nun~bel-s by the mid-1 980s and 
was ~ollowed by another inuption in the early 1990s 
Coyote numbers, however, did not follow the 
an~lcipated patterns. When jackrabbit numbers 
dccllned in the mid- 1980s, coyote numbers remained 
h ~ g h  Faced with explaining deviance from the 
cspected, 2 hypotheses were identified The first 
suggest~iig this resulted from a marked mcrease in 
the abundance of deer and antelope in Curlew 
Valley, pi-ovtd~ng an alternate winter food resource. 
The other hypothes~s involved lower mortality rates 
associated with reduced hunian exploitation result~ng 
6-om lower fur pnces and a reduction in the ~ntensity 
of esploitat~on to protect domest~c stock. Although 
our current preference resides w ~ t h  the first 
alternative and 1s conwstent with the food abundance 
hypothesis, no addit~onal data have been assembled 
to clarify the issues. On the other hand, Hamlin et al 
(1 989) reported that during a population decline of 
mule deer (Odocoileus hettriontts) In north-central 
Montana, coyotcs remained abundant. They 
hypothesized that coyote sul-v~val may have 
increased as a result of Increased abundance of 
microtme I-dents as an alternative food source. This 
was unlikely In Cui-lew Valley because m~ci-otines 
are not common (I-Iol'fiiian 1979). 
Otha- studies have added to our understandings 
A companion study to the Curlew Valley research 
involved inonitoring rodent, lagomo~ph, and coyote 
populat~ons over a 12-yeai- period on the Idaho 
Nat~onal Engtneering Laboratoiy (INEL), a slte 
some 100 nl~les north of Curlew Valley and largely 
linrnune from puhlic access (Stoddart 1987). Data 
from this location are slmilar to those fi-om Curlew 
Valley, \vlth jackrahb~t populat~ons inupt~ng from 
exvemely low numbers In the late 1970s to over 280 
per mi2 In 198 1 ,  and then returning to very low 
levels by the m ~ d  1980s Co~ncident w ~ t h  the 
increase In hares, coyote abundance Increased 5-  
fold, followed by a gradual decllne dter hares 
became scarce. This re~nfoi-ces previous 
interpretat~ons about the potential role of prey 
abundance In detennin~ng coyote abundance. 
One notable aspect of the INEL data is the 
relatively slo\v response In coyote abundance to the 
ab~upt decl~ne in a major food resource Two years 
after the jackrabb~t population I-etuined to vely low 
levels, the sprlng coyote dens~ty index was still 3 
times pre-~n-uption levels. Todd et al. (1981) and 
Todd and Ke~th (1983) found that wlnter coyote 
abundance was ~II-ecily related to snowshoe hai-e 
abundance In their study, all demographic 
pal-anieters of coyotes measured declined as 
snocvshoe hares became scarce, leading them to 
bel~cve that lo\v ava~labll~ty of alternate prey In the 
boreal forest ~ntlrnately linked the coyote pollulat~on 
to tluctuat~ons in sno\\ishoe hare abundance. 
Based on an I l -yea]- study in southel-n Texas, 
Windherg (1 995) prov~dcd data iiid~cat~ng coyote 
population growth was correlated positively with 
wlnter prey abundance and con-elated negatively 
w ~ t h  ~n~ t i a l  coyote abundance Since both prey and 
coyotcs were extremely abundant in the area (spring 
coyote populations estimated at 4-7 per mi2), the 
coyote population may have been approach~ng the 
upper lim~ts for density and other constraints may 
have also been operating This study is particularly 
notable in that ~t documents a negative relationsh~p 
between coyote abundance and populat~on growth. 
Although convict~ons that a relat~onsh~p 
between coyote abundance and prey abundance have 
been I-emforced in recent yeai-s, more definitive 
understandings of that relationship have not 
emerged Improved quantitative assessments of the 
abundance and availability of prey in relat~on to 
coyote density, along with the adoption of 
standardized methodology among studies are needed 
to provide more enlightenment. Long-term 
monlto~mg of predator and prey populations will be 
essential to clariry the Impacts and mechanism(s) 
link~ng predator and prey populations 
The social dynamic 
Knowledge about coyote soc~odemography that 
was budd~ng at the time of Knowlton and Stoddart's 
1983 paper has blossomed. The territorlalism 
uiit~ally espoused by Camenzind (1 978) and Bowen 
( 1  978, 1982), In which packs of coyotes defend 
arcas aga~nst mtruslons of others has been enhanced 
by the stud~es of Andclt (1 982, 1985), Crabtree 
(1 988), and Wlndberg and Knowlton (1 988). 
Our cw-ent unde~staiding indicates that habitat 
su~table for coyotes is partitioned among teiritol-ial 
soctal groups of 2-7, fi-equently related, adult 
coyotes These tell-itories are typically contiguous 
and apparently defended agalnst intrusions from 
coyotes not belonging to the territorial social group 
(Gese 1995). Non-territorial individuals are a cadre 
of transient, typically solita~y, ind~viduals l~ving 
among the interstices of the ten-itoi-ies. Trans~ents 
sometimes trespass upon the territories, and 
occas~onally f o ~ m  temporaly l~aisons with varlous 
terr~torial groups These coyotes appear to be 
"b~d~ng thell- tl~ne", t~ylng to fit Into the more stable 
portion of the populat~on 
Data liom Andelt ( 1 985), Crabtree (1 988), 
Windberg and Knowlton (1 988) and Gese (1 995) 
shou7 that bemg terntonal and socially dominant are 
common prerequisites for the successfUl nurture of 
young. Although subordinate and non-territorial 
individuals may become reproductively active, their 
likelihood of reproductive success is very low. 
There is also a suggestion that territories are 
Inherited from one generation to the next, with 
territorial boundaries remaining intact well beyond 
the lives of individual inhabitants. 
Temtorial patterns among coyotes in high 
mountain areas deserve some mention because 
conventional wisdom frequently suggests coyotes 
living at high elevations in summer accompany 
migrating large ungulates to wintering areas at lower 
elevations. If this occurred, coyotes would 
seemingly be "off territory" during courtship, 
breeding, and early post-whelping periods; tlmes 
when ten-itor~al~ty should convey its greatest 
advantages. Gantz (1 990) specifically studred this 
aspect and found adult coyotes in the mountains of 
northern Utah used the same areas in summer and 
winter, even at altitudes exceeding 7,500 feet. 
Shivik (1995), working in the Sierra Nevada, 
similal.ly reported coyotes maintaining territories at 
high elevations in wlnter. This is consistent with 
Weaver's (1 979) Interpretations that coyotes live in 
summer where they can survive in winter 
Demography of populations immune from 
human exploitation 
Another significant aspect of coyote population 
biology is currently emerging, i.e , characterlstlcs of 
unexploited populations. In retrospect, initial 
glimpses can be recognized in a Knowlton (1 972) 
as well as unpublished data on coyote population 
structures in southern New Mexico and Arizona 
collected by Sam Linhalt in the early 1970s. 
However, the significance of these data were not 
recognized at the time. 
More recent studies (Crabtree 1988, Windberg 
1995, Windberg et al. [In draft], Gese et al. 1989) 
suggest unexploited populations may be functionally 
and structurally different from information published 
previously. Although verification is pending, the 
emerging pattem suggests that in saturated 
populations, territorial coyotes have relatively long 
tenures with very low reproductive rates (Gese 
1990, Crabtree 1988). There is also a suggestion 
that coyote te~~itorles have a longevity of their own 
that exceeds that of individual occupants. 
Studies of relatively unexploited populations 
(Crabtree 1988, Gese et al. 1989) suggest 7590% 
overall annual survival of adult coyotes in such 
situations may not be unusual. On age-specific 
basis, mean annual survival estimates from 3 field 
studies (Knowlton 1972, Crabtree 1988, Windberg 
1995) indicate annual survival rates increase from 
about 0 40 in year 1 to about 0.70 by age 3 ,  followed 
by a 2-3 year plateau and a decline thereafter, 
gradually at first and precipitously around age 10. 
Coyotes as old as 13, 14, and 15 years (Gese 1990, 
Knowlton unpubl data) have been reported, but 
individuals over I 1 are rare (Knowlton 1 972, Gese 
1995). 
Recruitment into the adult portion of 
unexplolted populations appears to be relatively low. 
One unexploited coyote population in eastern 
Washington had recruitment rates below 1096, with 
some coyotes apparently maintaining territoriality 
well into reproductive senescence (Crabtree 1988). 
Another study (Gese et al. 1989), reported low 
recruitment into a saturated, unexploited population 
as a result of low reproduction among yearlings, 
small litter sizes and high pup dispersal. Windberg 
et al. (In draft) provide data from a very lightly 
exploited population in southern New Mexico where 
juveniles composed only 7% of a population sample 
( 7 1  = 44) 1 year; a sample (11 = 38) the next year 
failed to detect any juveniles. Although these data 
are meager, they suggest a pattem where 
reproductive rates among saturated populations fall 
far- short of the biotic potentla1 for the species. 
The mechanics of change 
While food abundance seems to set the ultimate 
Illnits of coyote abundance, and sociality is the 
driving force for change, proximate effects on 
density are linked to changes In reproduction, 
mol-tallty, ingress and egress. A closer look at some 
of these components is wart-anted. 
Reprodttctive petfor711ance. This component is 
associated with the fraction of the females breeding, 
mean litter size of reproductively-act~ve females, and 
sumval of offspring to some specific age. Data are 
sufficiently sparse and interactions sufficiently 
complex that unraveling details about factors 
influencing these parameters is impractical in this 
discussion. All 3 vary both among coyote 
populations and witlun populations over t ~ m e  There 
is little doubt that prey abundance and population 
density are major ~nlluenc~ng factors. Coyote 
populations sccmingly have the potential to tnple or 
quadluple density on an annual bass  On a practical 
level, however, esponent~al annual growth in excess 
of 0.6 appears unusual. 
The generality seems to be that be~ng dominant 
withln a territorial social group is a prerequisite to 
reproductive success, with each ten-itoly trying to 
produce one litter each year. Hence the average size 
of social groups and the fraction of the population 
that belongs to territorial groups are important 
cons~derations. Some subordinate and non- 
te~r~torial females may in~tiate the reproductive 
process, but most are doomed to fail 
Food abundance appears to be an ~mpol-tant 
arbiter of I~ttei- slze, especially In exploited 
populations Placental scar count data from Curlew 
Valley, Utah, ~ndlcalcd that mean l~tter s u e  varies 
from less than 4 to over 8 as a hnction of food 
abundance (Knowlton, unpubl. data) There was 
also a h~n t  hat mean litter size may be con-elated 
with food condit~ons under which females are reared, 
as opposed to condit~ons lead~ng up to spec~fic 
reproductive seasons (Knowlton and Stoddart 1983). 
Mean litter slze, however, can hardly be the 
dcfinlng parameter, because the fi-act~on of placental 
scars reprcsrnted by juveniles In fall may valy by a 
factor of 5 Sim~larly, Crabtree (1 988), Gese et al. 
(1 989), W~ndberg (1995), and Gese (1995) 
~dentified juvenile sulvival as a major component of 
coyote denlogl-aphy At the same time, coyote 
abundance apparently IS a major factor regulating 
juvenile survival rates (W~ndbel-g 1995, Knowlton 
and Stoddart, unpubl. data). Better data related to 
reproductive pc~lo~mance and juvenile sulvival are 
needed 
Adot.talih, Mol-tal~ty of adult coyotes, as dete~mined 
by population age stluctures, tends to be higher 
among youngel- ages classes (1 -2 years of age) and 
relat~vcly older anlrnals (z 8 years of age) 
Conversely, surv~val appears to be high among 
coyote 3 to 7 years of age, especially among 
~nd~viduals that malntaln associations with territorial 
goups Causes of mortality among adult coyotes is 
closely llnked with human activities (Knowlton and 
Stoddart 1983). This results both from direct 
esploitat~on (e g. himtlng, trapping, and related 
activ~t~es) and ind11-ectly tlu-ougli collis~ons w ~ t h  
automobiles, encounters with domestic dogs, etc. 
Recent stud~es (Wlndberg et al. 1985, Crabtree 
1988, Gese ct al 1989, W~ndberg and Knowlton 
1990) re~nforced these ~ntc~pretations 
It~gtrss at~deg).ess. Irnnlig-at~on and emigrat~on are 
pal? of the dispersal process and occur when 
ind~vlduals enter or leave a population of Interest It 
is probably the least studled demographic aspect of 
coyote populations. 
The rclative fi-equency, as well as the distances 
moved, tend to be greater in more saturated 
populat~ons than less saturated populations, resulting 
in net movements away fi-om the former and toward 
the latter (Dav~son 1980) Hypotheses generated by 
Kn~ght (I 978) and Davison (I 980) suggesting that 
low-rankmg indlv~duals are more likely to disperse 
have been val~dated by Gcse (1 995) 
Dispersal is driven by nutrit~onal and social 
~nteractions. Low-rank~ng ~ndi\!~duals eave natal 
packs whle lugh-rankmg lndlviduals are phllopatric, 
bidmg their time for the dominant, breed~ng position. 
Whcn food 1s abundant, more an~mals remain in the 
pack whlle in years of seal-c~ty, more individuals 
disperse and pack sizes I-emaln small. During 
periods of sevcl-e food scarc~ty, ten-  to rial behav~or 
may be abandoned, with all members of social 
gl-oups dispel-s~ng (M~lls and Knowlton 1 99 1, 
Grothe, unpubl. data). 
Looking toward the future 
There is a need to reassess our knowledge of 
coyote populat~on biology and management through 
the revision of es~sting, or the creatlon of new, 
s~mulat~on models. Simulation models of animal 
populatlons help organize our understand~ng of the 
way populations funct~on and prov~de a means for 
exanlmmg and esplor~ng varlous concepts and ideas 
related to population management It has been 20 
years sincc Connolly and Longhul-st (1975) and 
Connolly (1 978) publ~shed andlor reviewed 
simulation models for coyote populat~ons. These 
remain the sm~ulat~on models currently available for 
coyote populatlons They rely upon data collected in 
the late 1960s and published in the early 1970s, and 
ut~lizc a scries of equations linking demographic 
parameters, namely density, reproduction and 
mortality as understood at the time 
Relative coyote abundance was based upon fall 
rather than spl-lng (stock) estimates and the impact 
of soc~al constraints upon demograph~c parameters 
were either unknown or excluded from the process. 
The data were obtained largely from populations 
subjected to human exploitation. These models were 
generated in the absence of information about the 
structural and functional aspects of populations not 
subjected to human explo~tation It is time to review 
the modeling process 
Several considerations should be incorporated 
into any new population modeling effort. Two 
important "data gaps" require study; namely (1) the 
effect of human exploitation (essentially increased 
mortality rates) on demographic and behavioral 
parameters; and (2) validation of characteristics of 
unexploited coyote populations. The latter is 
essential to provide a natural "endpoint" for a model, 
which figuratively represents the alternate extreme 
from the biotic potential of coyotes. 
The possibility of using a behavioral, rather than 
demographic, base should be explored foi- a new 
coyote population model. Population models are 
usually developed to depict, or understand, changes 
in abundance or density. Incorporating behavioral 
constraints into a demographic model can be 
intimidating, espec~ally since many behavioral 
aspects have not been defined mathematically. 
However, population density could use 3 
alternate parameters instead. mean territory size, 
mean number of individuals per ten-itory, and 
percent of the population belonging to tersltorial 
groups. This would utilize the units by which coyote 
populations are structured and involve parameters 
that are more readily estimated than behavioral 
interactions with dkmographic variables. Some 
newer computer programming languages that 
involve "objects and attributes" may provide a usehl 
programming medium for such endeavors in place of 
the equation-based programming techniques used 
previously. It will be interesting to watch the 
outcome of such endeavors. 
An appropriate simulation model would be a 
useful tool in assessing merits of various 
management strategies as well as to help guide 
research effoi-ts toward developing more effective 
and efficient depredation control techniques. 
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BEHAVIOR OF COYOTES IN TEXAS 
WILLIAM F. ANDELT, Department of Fishery and Wildlife Biology, Colorado State University, Fort Collins, 
CO 80523 
Abstract: Coyotes (Canis lapans) live m social groups with relatively small territories or as single, non-territor~al 
transients with large home ranges in southern Texas. Coyotes communicate and establish territories through 
auditory, olfactory, and visual means They consume mammals, fruits, and insects with their diets reflecting 
d~fferences in abundance and vulnerability of prey, effects of plant phenology and weather conditions. Coyotes 
have adapted to human explo~tation by avoiding humans and their control techniques. Because coyotes habituate 
to nonlethal control techniques (e.g., frightening devices), I suggest apply frightening devices only when coyotes 
are a problem. Lethal techniques likely will be most effective at resolving coyote depredat~ons if they are appl~ed 
at depredation sites and irnrned~ately before or when losses occur 
Coyotes have been studied well enough in 
Texas to provide a fa~rly comprehensive picture of 
their behavior. In this paper, I revlew social 
organization, home range, act~vity patterns, 
reproduction, communication, predatory behavior 
and leain~ng by coyotes In Texas and provide 
impl~cations for their management 
Social organization 
Seventy percent of the coyotes on the Rob and 
Bessie Welder Wildlife Refuge (WWR) in southern 
Texas existed in groups (3-7 coyotes), 17% as mated 
pairs, and 13% were transients (i.e., coyotes that 
ranged over large areas, usually alone) (Andelt 
1985). Coyote goups  also were reported in Jim 
Wells (Bradley and Fagre 1988a) and Webb 
counties in Texas (Knowlton et al. 1985), but 
transients conlposed a greater propoition (34%) of 
the female populat~on (Windberg and Knowlton 
1988) than at the WWR. 
Although coyotes existed in groups and 
~nteracted occas~onally on the WWR, an average of 
only 1.4 coyotes were observed together per 
sighting. Each group consisted of a mated pals and 
assoclates The mated pairs interacted frequently, 
maintained pair bonds for at least 3-22 months and 
were found together most frequently during the 
breed~ng season. Male and female associates 
mteracted with other g o u p  members less frequently 
than d ~ d  individuals of mated pairs The social 
organization of coyotes in southem Texas was 
similar to that reported for other unexploited coyote 
populations (Bowen 1978, Camenzind 1978). 
Mated pairs and associates were act~ve around 
pups, spend~ng about 30% of the time near them on 
the WWR (Andelt 1995). Males and females of 
mated pars spent similar amounts of time near pups; 
assoclates spent slmllar or only sllghtly less tune 
near pups than d ~ d  the mated'pair Bekoff and Wells 
(1 982) speculated that adult coyotes spend time near 
pups to protect them, but adults d ~ d  not alternate in 
attending pups on the WWR The percentage of 
tune pups were unattended by adults was not related 
to the size of coyote groups. Pups spent less time 
together as they matured. 
The majority (2 1 of 25) of coyotes class~fied as 
transients on the WWR appeared to be healthy 
adults; only 2 were <I year old (Andelt 1985). 
Knowlton et al. (1 985) and Windberg and Knowlton 
(1 988) repolted that the majority of translent female 
coyotes were 52  years old, whereas the majority of 
telntolial females were >2 years old Two trans~ents 
on the WWR entered resident groups, paired, and 
remained In the groups (Andelt 1985). 
Larger coyote groups have been reported from 
more northern regions (Carnenzind 1978, Bekoff and 
Wclls 1980, Bowen 1981) presumably as an 
adaptation In capturing or defending large prey. 
However, prey slze in coyote diets was not related 
to the number of coyotes interact~ng within groups or 
to the average number of coyotes observed together 
on the WWR (Andelt 1985). The relat~vely large 
size of coyote groups on the WWR likely resulted 
from a lack of human exploitation and saturation of 
habitat by ten-itorial coyotes 
Home range 
Adult resident male coyote home ranges ave- 
raged 2 to 3 mi2 (95% polygon method) and adult 
resident female home ranges averaged 1.8 to 2.9 mi2 
in southem Texas (Andelt 1985, Bradley and Fagre 
19886, Windberg and Knowlton 1988) Home range 
slze d ~ d  not differ among seasons on the WWR 
(Andelt 1985). Minimum home ranges of adult 
male and female transients averaged 28 mi2 and 
2 1mi2, respect~vely on the WWR. The home ranges 
of pups increased In slze as the pups grew older. 
Adult pans and g~-oups primarily occupied non- 
overlapping but contiguous home ranges (Andelt 
1985, Knowlton et al. 1985, Windberg and 
Knowlton 1988) The home ranges of transients 
overlapped those of residents; transients were found 
more fi.equently on the per~meter than on the interior 
of resident adult coyote home ranges (Andelt 1985, 
Knowlton et al 1985, Windberg and Knowlton 
1988). The min~mal overlap among adjacent 
res~dent coyote home ranges, obse~vations of 
res~dent coyotes chaslng lnt~uders, and the higher 
proportion of transient locations on the perimeter 
than interior of resident home ranges indicates 
resident home ranges were ten-itones 
Coyote and bobcat (Felis rrfus) home ranges 
overlapped and there was no ind~cation of avo~dance 
among the 2 species in southern Texas (Bradley and 
Fagre 1988a, W. F. Andelt, unpubl~shed data). 
Some adult coyotes on the WWR were found 
w~thln the same home range for at least 48 months 
and 1 pup was found w~thin its natal range for at 
least 29 months (Andelt 1985). Coyotes also 
maintained stable home ranges in Jim Wells County 
for 153 to 499 days (Bradley and Fagre 1 9 8 8 ~ )  
Adult coyote home range size was not related to the 
number of adult coyotes living in groups on the 
WWR (Andelt 1985). Twelve to 29% of the adult 
males and 4-9% of the adult females on the WWR 
emigrated annually. The extended period that 
coyotes t\~ere found w~thln home ranges and fa~rly 
low en11g1-at~on rate suggests that coyotes w~thin 
groups were I-elated Coyotes In dim Wells County, 
Texas appeared to have a high tolerance of human 
activity and did not shift home ranges in response to 
herbic~de treatments of bl-~ish (Bradley and Fagre 
19886). 
of their home range than within their territor~es in 
southern Texas (Knowlton et al. 1985, W~ndberg 
and Knowlton 1990). However, the distribution of 
all coyote captul-e sites did not differ from that of 
trap locations (W~ndberg and Knowlton 1990), 
indicatingnon-resident coyotes were captured within 
rcs~dent home ranges. 
Activity patterns 
Coyotes were active dur~ng day and night but 
were most active at, and just after, sunset on the 
WWR (Andelt 1995) and dwing crepuscular periods 
in Jim Wells County, Texas (Bradley and Fagre 
19886). Tim~ng of activ~ty periods of adults and 
pups were s~milar. Coyotes were more active 
dur~ng the dayt~me on the WWR where they were 
not esplo~ted than in Nebraska where they were 
exploited by humans (Andelt and Gipson 19796). 
D~stanccs moved by adult male (x= 5.0 mi) and 
female ( x =  5 2 m ~ )  coyotes during 24-hour periods 
were similar, and were greatest during the breeding 
season. Movement distances were not related to the 
slze of coyote groups nor to the size of prey in the~r 
dicts 
Reproduction 
Pups were born In a11 5 coyote groups studied 
dwng 1978 and 1979 on the WWR (Andelt 1985). 
Only 1 female was known to whelp pups in each of 
2 groups containing mult~ple females. Knotvlton et 
al (1 985) reported that 12 of 14 ten-itorial females 
ovulated and 6 whelped. Although 9 of 19 translent 
females ovulated, none whelped (Knowlton et al. 
1985) Ovulation by non-tel~itorial females and 
the~r establ~shment within some te~~itories suggests 
transients range over large areas seeklng breeding 
oppol-tun~ties in resident groups as suggested by 
Messier and Barrette (1 982). 
The fairly large number of transients found in 
coyote populat~ons suggests that an ample pool of 
I-eproduct~ve coyotes are ava~lable to fill any 
vacancies crcated by an~mal damage control and 
ruilects the resil~ence of coyote populations to 
esploltat~on (Knowlton et al. 1985). 
Temtorial female coyotes were more l~kcly to 
be captured (i e , trapped) on the edge or per~phe~y 
Communication insects (Andelt et al. 1987) when they are available. 
Coyotes communicate through auditory 
(vocalizations), olfactory (scent marking), and visual 
(e.g. aggression, dominance, and greeting displays) 
means (Lehner 1978). Coyotes vocalized most 
frequently during the breeding season (16 Jan- 15 
Feb) on the WWR (W. F. Andelt, unpublished data) 
and in Jim Wells County (Walsh and Inglis 1989). 
They also vocalized more frequently during 
moderate than extreme temperatures, on clear nights, 
and during low wind speeds (Walsh and Inglis 
1989). Walsh and IngIis (1 989) cautioned that the 
increase in vocalizations heard during low wind 
possibly might have been related to a greater human 
ability to hear coyotes during low wind. 
Coyote vocalizations were not related to the 
intensity of moonlight in Jim Wells County (Walsh 
and Inglis 1989), but coyotes vocalized more often 
d u n g  mghts without moonlight than on nights with 
a full moon on the WWR (W. F. Andelt, unpublished 
data). The mcreased vocalizations on nights without 
a moon may have compensated for a presumed lower 
ability to see other coyotes during lower light. 
Coyotes deposit urine scent marks more 
frequently on the edge than within the interior of 
their territories (Barrette and Messier 1980) 
Coyotes deposited numerous scats on roads of the 
WWR (Andelt and Andelt 1984); mare scats were 
found on the edge than on the interior of their home 
ranges (W. F. Andelt, unpublished data). Scats 
likely function to mark territories. 
Foraging behavior 
Coyotes consumed a variety of prey items 
including mammals (primarily deer [Odocoileus 
virginianus]) and lagomotphs (primarily cottontails 
[Sy[vilagus spp.]), fruits (primarily Teias 
persimmon [Diospja.os texana]), and insects in 
southein Texas (Andelt et al. 1987, Windberg and 
Mitchell 1990) Coyote diets varied among years 
due to successional changes in vegetation and 
changes in prey abundance (Andelt et al. 1987, 
Windberg and Mitchell 1990). Coyote diets also 
varied seasonally, reflecting differences in 
abundance of a variety of food items, differential 
vulnerability of prey, effects of plant phenology and 
weather cond~tions (Andelt et al. 1987). Coyotes 
appear to feed selectively on cotton rats (Signrodon 
hispidus) (Windberg and Mitchell 1990), fiuits, and 
Learning 
Coyotes are adaptable animals that are able to 
learn quickly how to avoid humans and their control 
techniques. Coyotes have maintained their numbers 
during considerable man-induced mortality by 
learning to detect and avoid strychnine drop baits, 
traps, lethal bai'h stations (Robinson 1948) and scent 
stations after bemg captured and released from traps 
(Andelt et al 1985). Coyotes apparently have 
learned to avoid humans in areas where they are 
exploited by b e c o m g  less active during the daytime 
(Gipson and Sealander 1972, Andelt and Gipson 
19796, Andelt 1 9 8 5 ~ )  and by avoiding open areas 
near roads (Roy and Dorrance 1985). Coyotes also 
have adapted to exploitation by increased 
immigration into areas where they were removed 
(Knowlton 1972, Connolly and Longhurst 1975). 
Coyote behavior: implications for management 
Coyotes cause large economic losses for 
ranchers by killing significant numbers of livestock, 
especially sheep (National Agricultural Statistics 
Servlce 1 99 1). We can apply our knowledge of 
coyote behavior to more effectively manage 
depredations with non-lethal and lethal control 
techniques. Because coyotes learn to avoid control 
techniques, nonlethal techniques (e.g., frightening 
devices) should not be used for extended periods. 
They should be employed shortly before predation 
begins (if it is predictable) to avoid the 
establishment of a problem or pattern that may be 
diflicult to disrupt. Frightening devices should be 
removed as soon as they are no longer needed to 
minimize habituation by coyotes 
Because most coyotes are territorial and have 
small home ranges, depredating coyotes can be 
selectivity removed by applying aerial and ground 
controls near sites of predation (Andelt and Gipson 
1979a, Connolly and O'Gara 1987). If coyotes are 
not causing depredations, it seems unwise to attempt 
to kill these animals because they may lealn to avoid 
the control technique, or they may be replaced by 
other coyotes that cause depredations or avoid 
control techniques. 
Coyotes moved between ranches in southem 
Texas (Bradley and Fagre 1988~) .  Based upon 
simulation models, Windberg and Knowlton ( 1  988) 
indicated that 35 coyotes would occasionally occupy 
an area of I m12;, 97 an area of 10 mi2; and 480 an 
area of 100 mi2, although densities were only about 
3.2 coyotedmi2 The large number of coyotes using 
an area and the presence of transients which readily 
occupy vacant territories indicates resolving coyote 
depredation problems through population reduction 
will be difficult, especially on small areas. 
Lethal controls for removing specific offending 
animals should be employed as soon as predation 
begins to minimize livestock losses. If local 
populations of coyotes are removed before predation 
begins, control efforts should be implemented 
immediately before coyotes become a problem 
because other coyotes qu~ckly move into vacated 
areas. Control applied long before damage starts 
likely will be relatively ineffective. Dorrance (1 980) 
suggested that dispersal by coyotes, primarily fi-om 
mid-February through April, probably negates the 
effect of preventive control on local coyote 
pol)ulations piior to mid-Febiuaiy in central Alberta. 
Fi-u~ts and insects may buffer coyote predation 
on livestock and deer (Andelt et al. 1987) Thus, in 
some instances ~t may be possible to predict the 
intensity ofcoyote predation by monitoring fiuit and 
insect abundance. 
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SELECTED PARAMETERS OF THE REPRODUCTIVE 
PHYSIOLOGY AND ENDOCRINOLOGY OF COYOTES 
MAX S. AMOSS, JR., Deplutment of Veterinary Physiology and Pharmacology, Texas A&M Un~versity, College 
Station, TX 77843-4466 
CONNIE M. HODGES, Department of Veterinary Physiology and Phamacology, Texas A&M University, College 
Station, TX 77843-4466 
Abstract: The development of the reproductive system and the dynamics of reproductive hormones were studied 
in captrve male and female coyotes (Canis latrans). Captive male coyotes exhibited incomplete sexual maturation 
at the fu-st reproductive season (< 12 months of age). Peak selum testosterone levels in 1 -year old males were 50% 
(30M200 vs. 810&300 pg testosterone/ml) and total sperm product~on was only 10% (57.4*6.6 vs. 558.8*26 x 
lo6 total sperm) of that observed in males older than 1 year. Yearling males were never observed copulating with 
a female. The sexual maturation of captive female coyotes was less equivocal than their male counterpart's. The 
pregnancy rate of yearling females was 40% compared to 63% m older females. Average peak serum LH values 
at the ovulatory surge were 33 nglml in yearling females compared to 60 nglml in older animals. Serum FSH, 
estrad~ol and progesterone levels were similar. There also appears to be an inhibition of fecundity in subordinate 
females, the mechanism for which IS cwently unknown. Our long range goal IS to capitalrze upon this information 
to develop methodologies for coyote population control 
The coyote has been able to adapt and 
reproduce effectively in a variety of environments 
fiom w~lde~ness areas to nietropolitan communities. 
Such success IS due in part to its highly flesrble 
social system which IS I-elated to its repr-oductive 
patterns. In addit~on to the behavioral patterns 
necessary for survival, numerous researchers 
(Bekoff 1976, Bruss et al. 1983, Cary et al. 1982, 
Hodges 1990, Kennelly 1972, Kennelly 1978, 
Kennelly and Johns 1976, Stellflug et al. 198 1) have 
described varlous aspects of coyote reproductive 
b~ology. 
The coyote is a seasonal breeder, reproductively 
active behveen November and June dependent upon 
geographical location (Grer 1975, Kennelly 1978, 
Green et al 1984). The female 1s monestrus The 
estrous cycle is initiated in December; estrus occurs 
early in the sprlng and is distributed over 2 months. 
Pahuition occurs in May or June after a gestation of 
60 days (Kennelly and Johns 1976, Bekoff and 
Dramond 1976, Stellflug et al. 1981). Proestrus 
lasts 2-3 months and estrus lasts on average of 10.2 
days, with ovulation occun-lng any time between the 
fir-st and n~nth day of es t~us  (Kennelly and Johns 
1976, Cay et al. 1982) Serum estrad~ol at the pre- 
ovulation surge averaged 22 8 pglml and post- 
ovulat~on progesterone levels averaged 15 ng/ml 
(Stellflug et al 198 1). 
Electroejaculation of mature males during the 
height of the reproductive recrudescence yielded 
total sperm counts of 63 x l O6 (BIUSS, et al., 1983) 
and 193 s 106 (Green et al 1984) Kennelly (1 972) 
reported that the duration of the seminiferous 
epithelial cycle averaged 13 6 days and epididymal 
sperm transport was approxrmately 14 days. The 
average spermatogenic cycle (the time it takes for a 
germ cell to develop to a spermatozoa and to be 
released from the testicle) averaged 54.4 days 
The studres summarized here (see Hodges 
1990) were undertaken to qualitatively and 
quant~tatively describe the maturation and 
recr-udescence of the reproductive system, and to 
establish some parameters of behaviorally- 
associated endocrine responses 
Methods 
These data were collected over 4 years from 
wild captive coyotes housed m family units of 1 male 
and 2 females The foundation anrmals were trapped, 
glven complete health checks and prophylactic 
vaccrnations, then housed outdoors in 10 X 30-ft 
enclosures at the Veter~naly Med~cal Research Park 
at Texas A&M Un~versity. All procedures were 
per-fo~med followrng tranquilrzat~on with ace- 
promazine maleate (1 1 mgkg) or with a 
combination of xylazine (2.2 mgkg) and ketamine 
hydrochloride (22 mgkg); the latter was used at 
testicular biopsies and electroejaculations. 
Blood samples were obtained weekly from the 
males from November-April and bimonthly 
thereafter. Testicular biopsies were obtained at 
monthly intervals. The estrous cycle was identified 
by vaginal bleeding, vulvar swelling, vaginal smear 
cytology, increased male interest, and 
retrospectively, by hormone analysis Blood 
samples and vag~nal smears were collected at 3-day 
intervals from December-April and bimonthly 
ther-eafter. Serum levels of LH, FSH, estradiol, 
progesterone and testosterone were determined by 
validated radioimmunoassays (Hodges 1990). 
Histological sections of formalin-fixed wedge 
biopsies wer-e evaluated for the presence of 
speimatogonia, primary and secondary 
spermatocytes, and spermatids (Clermont 1963). 
Electsoejaculations were performed at monthly 
intervals (Seagel- 1974). The ejaculate was analyzed 
for volume, concentration, motility and pH. Vaginal 
smears were obtained with a vaginal swab or the 
aspiration of vaginal fluid when present, dr~ed,  
stained with Diff-Quick R, and evaluated according 
to Ketmelly 'and Johns (1 976) and Caiy et al. (1 982). 
Behavror was motutored for 1 hour at dawn each day 
during proestrus and estrus (December through 
March) and at biweekly intervals thereafter. 
Dominance, subordinance, aftillative behaviol-s and 
copulatory behaviors were recorded Ethograms of 
coyotes (Bekoff 1978, Gier 1975) and grey wolves 
(C. Iuptrs) (Packard 1980) were used to categorize 
these behaviors (see Hodges 1990 for the complete 
ethogi-ams) 
Results 
A4aIes. Reproductive system rec~udescence appears 
to be initiated in November as evidenced by the 
increase in selum levels of testosterone (Fig. I ) .  
Recrudescence was preceded by a rise in LH and the 
appeasance of speimatozoa In testicular bropsies. It 
was also apparent that full fertil~ty, as predicted by 
adequate numbers of spelm in the ejaculate (i.e., 
> 100 x 1 06), occuired between Janua~y and March 
(Fig. 2) 
Young coyote males entering their first repro- 
ductive season exhibited an elevation in seium 
testosterone and sperm in the ejaculate. H~wever,  
the increases temporal-ily lagged behind those of 
mature males, and the levels were significantly 
reduced. From behavioral observations made 
throughout the year, no male coyote less than 1 year 
of age exhibited any copulatory activity. 
Females. The estrous cycle endocrine profile of 
mature dominant coyotes was unremarkable (Fig. 3). 
IJroestrus was observed as early as late December 
and esbus (as defined by vaginal cytology) occursed 
between late February and early March, and lasted 
10 days. The ovulatory LH surge was preceded by a 
raprd rise in estradiol 
Although several yearling coyotes exhibited 
estlus, the entire cycle temporally lagged behind that 
of mature females by 12- 17 days, dependent upon 
the CI-~terion used Of the 9 trials (defined as 2 
females paired together with a male during I 
breeding season) In whrch behavioral parameters 
were monitored, only 4 subordinate females 
exhibited estrus and had an LEI surge. Estlus In the 
suhodmate female occu~ed  1 1.0k2.7 days after that 
of hes dominant pen mate (Fig. 4). None of the 
subordinate females gave birth to live young during 
these trials. 
Discussion and Management Implications 
These studies substantiated and further 
delineated the coyote as a seasonal, monestrus canid. 
The seium endocrine profiles for the estrous cycles 
of individual animals were qualitatively similar to 
other mammals I-Iowever, sevel-al issues were rased 
that may impact on the possibility of exogenously 
regulating the coyote populat~on by manipulating 
I-cproduction. 
The yeaslmg male coyote does not enter into the 
reproductive equation. Neither does he produce 
enough sperm cells nor attains serum testosterone 
levels high enough to suppol$ copulatory behavior. 
It has been suggested by others (Bekoff and Wells 
1982) that these animals can selve as helpers in 
obtaining food etc., with no repercussions from the 
alpha male. It would appear that physiological 
maturity (spe~m in the ejaculate) requires less 
testosterone than copulation, a behavioral con-elate 
of reproduction. 
On a more practical note, it seems counter- 
productive to attempt to render male coyotes infei-tile 
between April and December. Application of this 
principle may have some ecological implicatrons on 
non-coyote species. Agents that induce infertility (as 
opposed to sterility) in the male coyote should be 
available from Janualy-March Some non-coyote 
species would not have access to the agent at critical 
times in their reproductive cycle. 
Our stud~es (and those of others) on the female 
coyote indicate that estrus and ovulation occur 
during a very circumspect time frame, late-February 
to mid-March. Therefore, to be effective, anti- 
gametogenic agents should be applied between 
January and March; antiovulatory compounds in 
February and March; and abo~tifacient materials in 
March and Apl-il. Female fecundity appeared to be 
related to the social hierarchy; however, the effect 
was not precise nor- was it complete. Until the actual 
mechanism is dete~mined, it is highly unlikely that 
this characteristic can be exploited. 
Summary 
Much of this symposium is devoted to 
discussions on ways to control coyote populations. 
Previously-used methodologies have been only 
marginally successful, and a significant portion of 
those have the potential for producing negative 
effects on the sun-ounding ecological systems. We 
suggest that there may be vulnerable events in the 
reproductive biology of the coyote that may lend 
themselves to external .manipulation with less 
damage to the environment, and more precise 
managenicnt of the coyote populatron. One of our 
goals should be to identa those vulnerable events in 
coyote repsoduction, then exploit them to our 
advantage. 
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Figue 1. Average serum concentrations of LH, FSH and testosterone in immature (< 1 year old) and mature (>I 
year old) male coyotes Standard deviations are omitted to pl-eseive clar~ty Open symbols deplct 
immature coyotes(n=3); closed symbols deplct mature coyotes (11=4) 
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Figure 2. Total spelm in the ejaculate, following electroqaculat~on, of immature and mature male coyotes. Open 
circle depicts immature coyotes (n=3); closed diamonds depict mature coyotes (n=4). 
Figuse 3 Endocrine profile of reproductive hormones in mature female coyotes (>I year old) during the estrous 
cycle (i1=8 cycles). Shaded area represents estius as detc~m~ned by vaginal cytology. Hormone 
concentrations of individual an~mals were initlallzed to the day of the LH peak. Open triangles depict 
LH; closed triangles FSH, open circles progesterone; closed circles estradiol. 
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Figure 4. Time (days) to vaginal estrus of subordinate female coyotes Day 0 = tii-st day of vaginal es t~us  of the 
dominant female of that pair. Each line represents the response of 1 family unit at 1 breeding season. 
Mean time to subordinate female estrus was 11.0k2.7 days (range = 8-15 days; n=4 pairs of females). 
Solid black bar I-epresents estrus. NOTE: In 5 p a r s  the subordinate female had not e,xhibited vaginal 
estrus (or an LH surge) by 30 days following estrus of the dominant female of that pair, these females 
were not included in the calculation of the mean 
DISEASE AND COYOTES IN TEXAS 
DANNY B. PENCE, Department of Pathology, Texas Tech Univers~ty I-lcalth Sc~ences Centel-, 3601 4th Street, 
Lubbock, TX 794 13 
Abstract: The coyote (Canrs laaans) populat~on in southern Texas has a recurring group of 3 common helminths 
and several pe~iphel-al species of lesser importance. Although recurrent group analyses have not been applied to 
other macro- or m~croparasite communities, there are certain infectious agents w ~ t h  igh prevalences that could 
form recurrent groups, and that are potentially important in t a m s  of Impacting host populat~on (i e , coyote) 
abundance While the cu~rent rabies epizootic involving coyotes in southem 'Texas is of public health concern, it 
probably wtll not have a major Impact on the coyote population. Most likely, the net effect of canine rables will 
be compensatory with other mortality factors as occurred in other introduced microparasitic (canine d~stemper 
VUUS, canine parvovi~us) and periodically recurring macroparasitic (sarcoptic mange) infections that have caused 
recent eplzootics In this coyote populat~on. In contrast, neotatal mot-tality from hookworm is conjectured to have 
a possible regulato~y effect on the coyote populat~on in southern Texas, hut t h ~ s  remains unproven The effects of 
disease on the host populat~on should always be considered pnor to ~nltlat~ng management or control strateg~es for 
any vertebrate species 
With some notable exceptions, coyotes ase 
Infected with most of the d~seases occu~ring In other 
wild and domestic canid species. The last 
comprehens~ve review of diseases of coyotes and 
other canids in Nol-th America was by Pence and 
Custer (I 98 I). Herein, I have not elected to update 
that publ~cation for Texas Rather, I will dlscuss the 
impact of several recently studled disease epizootics 
of a coyote populat~on in southem Texas w ~ t h  
pal-ticular reference to the~r effect on the host 
populat~on. 
Relative importance of infectious agents 
Radomsk~ and Pence (1993) using data on 
helminth specles collected over 9 years fsom 329 
coyotes in sout11e1-n Texas found a temposally 
pers~stent recun-ent gl-oup of 3 conunon helminth 
species. The inipo~~ance of thls study was that it not 
only dete~mined \\ih~ch of the co-occunlng helmlnth 
species were members of an interactive recursent 
group, but it also provided ~nsight 011 wh~ch of the 
many helminth specles ~nfectlng coyotes could 
potentially affect the coyote population Because of 
problems with quant~ficat~on (collection and culture 
procedures) and in dete~min~ng present versus past 
experience \\lit11 ~nfect~on (serological data), there 
have been no recun-ent group analyses on other 
macroparasites (a-thropods) or m~croparasltes 
(v~~uses ,  bacter~a, protozoa), or on the collective 
community of ~nfectious agents. 
However, these are certain of these micro- and 
macropal-as~tes w ~ t h  high prevalences that have 
caused recent cpizootics in thls coyote population. 
These mcludc rab~es, d~stemper, canlne panlovirus, 
sal-coptic mange and hookwo~ni Probably, they 
would be ~mpol-tant mernbel-s of a recurrent group of 
"all infectious agents", c e ~ ~ a ~ n  specles of which could 
potent~ally impact the host populat~on. 
The actlons of paras~tes as mol-tality factors on 
host populations al-e rev~ewed by Holmes and Prlce 
(1 986) The net eflkct w~th  any infectlous agent may 
bc e~ther: 
(I)  compensatoly w ~ t h  other mol-tality factors, with 
ind~vidual osses having no net el'lect on the ovel-all 
population abundance and compos~tion, or 
(2) add~hve, where losses all'ect the abundance of the 
host populat~on 
The addit~ve elTects of paras~te-~nduced 
mortality may be severe In some Instances, causlng 
host population levels to drop substantially below 
the threshold for maxlmum sustained density. 
I-Iowcver, such cases are not common and often 
involve Introduced pathogens or invadlng host 
spccles. Additive n11c1-o- 01- mas-oparas~te-induced 
mortal~ty also may funct~on to regulate the host 
population, w ~ t h  gains or losses in abundance 
adjustmg the number of ind~v~duals m the population 
at a thl-eshold near equilibr~um with maximum 
sustainable density for the host species. Proven 
examples of the latter are rare. 
It IS emphasized that recurrent group members 
vary across geographic localit~es in helminth 
communities and probably also across other 
gradients that could be established for other macro- 
and micropa-asitic communities. Thus, the potential 
impoitance of a given parasite to its host population 
may vary dramatically across geographic localities 
(Pence 1990) 
Rabies 
Prior to 1988, rabies occurred only sporadically 
in coyotes, involving just a few individuals (usually 
fewer than 10) in the more than 10,000 laboratory 
confiimed cases per year I-epolted in North America 
(Pence and Custer 1981). However, in the latter 
months of 1988, there was a moitality event 
involving coyotes and domestic dogs in the extreme 
southem counties of Texas and adjacent Republic of 
Mexico. Between 1988 and June 1995 there have 
been 2 human and 638 animal cases 
(laboratoty-confiilmed) of rabies with 244 and 322 
ofthese m dogs and coyotes, respectively, across 20 
counties of southem Texas (Anonymous 1995). The 
rabies virus involved is known as the 
"caninelcoyote" or "Mexican dog" strain. 
Current efforts are directed toward containment 
and contsol of the rabies epizootic in southeln Texas 
through utilization of a vaccinehalt aerial dellvery 
progsam (Anonymous 1995) The first vacclnehait 
drop of the South Texas Oral Rabies Vaccination 
Project fol- coyotes was undertaken In Februaly 
1995, delivering 830,000 vaccinelbait units over 
much of southem Texas In the largest single oral 
vaccination deployment ever undertaken in the world 
(Anonymous 1995). The oral vaccination project 
was an attempt to stop the northward and eastward 
movement of rabies in southem Texas. If this 
PI-oject fails, the epizootic will undoubtedly continue 
to spread thl-oughout Texas. Also, the epizootic will 
continue to spread if individuals fail to observe the 
statewide I-abies quarantlne on movement of 
unvaccinated wild canlds The strain already has 
been ~dentified in Alabama, Florida, Montana and 
The Netherlands (Anonymous 1995). 
There are many unanswel-ed questions 
concelning the current rabies epizootic in southern 
Texas. Despite the occurence of vely high densitles 
of coyotes and the concurrent existance of rabies in 
dogs in southern Texas for many decades, why did it 
take so long for the virus to become enzootlc in the 
coyote population? Also, regardless of the much 
publicized present "epizootic" in coyotes, the 
prevalence of rabies in this coyote population 
remains lower than that in similar fox, skunk or 
raccoon rabies epizootics in other geographic 
regions m No~th America. Finally, while there have 
been no definitive studies on abundance or 
composition, the coyote population in southern 
Texas does not appear to be declining due to the 
present rabies epizootic (S E. Henke, pers. 
comrnun.). 
In the red fox (Vulpes vulpes) population of 
central Europe, enzootic rabies acts as a form of 
time-delayed density-dependent regulator of fox 
population growth The length of time lag is 
determined by how long the fox density is below a 
critical threshold density for transmission of the 
disease (about 1 fox 400 acres). As a result of this 
damped oscillatoly cycle, epizoobcs recur every 3 to 
5 years in many areas (Anderson 198 1, May 1983). 
Because of its high pathogenicity, rabies persists 
within thls fos population at vely low prevalences 
between eplzootic periods 
Once establ~shed as an enzootic disease, will the 
coyoteldog straln of rabies function in a similar 
capacity as fox rabies in Europe, to regulate 
population abundance of coyotes from southern 
Tesas? More likely, the rabies-induced moltality 
simply wlll be compensatory with other mortality 
factors in thls population, as has occun-ed in other 
recently introduced viral pathogens. It should be 
noted that host population regulation has not been 
demonstrated for rabies in I-ed fox or other carnivore 
populations in North America. 
Canine distemper 
Catalnly distemper vuus can be highly lethal to 
coyote pups In captivity (Gier and Ameel 1959). 
However, after finding 37% of a small sample of 
coyotes in southeln Texas serologlcally positive for 
distemper, Tralnes and Knowlton (1 968) suggested 
that canlne distemper was enzootic and perhaps not 
an important mot-tality factor in free-living coyote 
populations. This was confirmed by Guo et al. 
(1 986) who examined 228 randomly selected coyote 
selum samples from a serum bank assembled from 
specimens collected In southeln Texas. The 
propor-tion of seropos~trve coyotes increased fi-om 
30% to 86% in the period 1975 to 1984, 
respectively, reflectrng the establishment of enzootic 
infection (over 60% seropositive rate) The 
seropositive rate of distemper v~rus was 
age-dependent in this coyote population. Antibodies 
against canine distemper virus were found in 25%, 
67% and 9 1 % of coyotes less than I -year-old, those 
from 1 to 2 years old, and those over 2 years old, 
respectively. Thrs Increase in seroprevalence with 
age is not reflcctrve of a d~sease with high pup 
moital~ty. Conversely, it indrcates that coyotes may 
be a reservoir and source of the infection of canine 
distemper virus for domestic dogs. Thus, 
distemper-~nduced mortality losses in the coyote 
populatron of southern Texas are regarded as 
compensatory with other mortality factors. 
Canine panlovirus 
In 1978 a prev~ously unknown palvovilus 
caused an cstensive ep~zootic of hemo~rhagic 
enterit~s and myocarditis In domest~c dogs In Noi-th 
Amer~ca. Canine pai-vovrrus infect~on was 
chal-actenzed by h ~ g h  morbrdrty and mortahty (1 0% 
to 50%) in young domestic dogs. Thomas et al. 
(1984) examined the seroprevalence of canine 
parvovirus In serum samples collected from coyote 
populatrons in southern Texas, Utah and Idaho 
between 1972 and 1983. 
The onset of canrne parvovi~us ei-oprevalence 
in coyotes began In 1979, cornciding with the 
domest~c canine eprzootlc The seroprevalence 
I-ap~dly increased to more than 70% by 1982 
indicating enzootrc establishment of the ~nfection 
Prevalence ultimately reached 90% to 1001l/o in all 
sites These high antibody prevalence rates are 
reflective of a highly contagious infection w ~ t h  low 
mortality rates. In 1980-8 1 just following 
introductron of canine pa~vovims, the southern 
Texas coyote populat~on experienced a decrease In 
population abundance. The decline resulted from 
increased pup mortality as reflected by lower 
juven~le adult rat~os (Pence et al. 1983). However, 
in the followmg years, coyote population abundance 
and juvenile reciu~tment subsequently returned to 
previous levels once canrne parvovirus became 
enzootic 
Thus, in addltron to distemper virus, the 
establishment of canine paivovi~us as another new 
and highly contagious pathogen capable of caus~ng 
hgh juvenile mortality in a naive population faded to 
ultrmately atTect the abundance or composition of 
this coyote population. 
Sarcoptic mange 
Pence et al. (1983) and Pence and Windberg 
(1994) documented the effects of an epizoot~c of 
sarcoptic mange caused by the mite Sarcoptes 
scabiei in the coyote population of southern Texas 
from 197 1-91 Although sporadic cases were 
reported previously, dul-~ng the ~nitial phase of the 
eplzootic (1 975- 1978) mange prevalence increased 
fi-om 14 to 24% in this coyote populatron. From 
spring 1979 to spring 1982 the mange prevalence 
peaked at 69% during the stationary period of the 
epizootic. The fall of 1982 marked the beg~nning of 
the decl~nc phase of the epizootrc with prevalences 
sloivly decreasrng to 0% by sprlng 1991. 
Subsequently, only sporad~c cases have beer? 
reporled. 
Fr-om rts po~nt of origin in Webb County In 
1975, the mange epizootic expanded centr~fugally to 
encompass most of southern Texas during 1982-89, 
plus an unmeasured area in the adjacent Republic of 
Mexico The hrgh prevalences of mange, reaching 
nearly 70% at the peak of the epizootic w ~ t h  only 
about 1% of these animals recovering Coupled wrth 
the decreased reproductive rates in mature ten-itorial 
females infected w~th mange, the epizootic rncreased 
disease-rnduced mortality and natal~ty rates in this 
coyote populalron. 
Desp~tc such mortality, the abundance and 
juvenrle adult ratros remained stable at levels 
cons~stent wrth a high-density population over the 2 1 
year per~od of study (Pence and Windbcrg 1994) 
Thus, mange-~nduced mo~tal~ty was regarded as 
compensatoiy wrth other mortality factors In this 
coyote populat~ori 
Radomsk~ and Pence (1993) found that of 8 
common species, there was tempol-al persistence of 
a small I-ecu~rent group of 3 dominant, unrelated 
species. This group dom~nates the intestinal 
helminth community in the coyote populat~on of 
southein Texas The dog hookworm (Ancylostonra 
car~in~rrr~) was the most rmpoi-tant pathogen of these 
3 species. Further, it was the most abundant 
helminth, with prevalences always ovcr 95% in all 
host subpopulat~ons over the 9-year study period. 
Of all the species of helminths in this coyote 
population, hoohwolm is the only macroparasite that 
has the long-standing host-parasite relationship with 
an aggregated distribution that could effect the 
degree of density-dependent pathogenesis in 
juven~les (Anderson 1978, May 1983) necessary to 
regulate the host population. This effect would 
manifest itself by decreasing the number of juveniles 
available for recruitment. Hookworm dis- 
ease-induced mortality results from a complex 
interaction of parasite density-, host age-, and nu- 
tritional-dependent factors in coyote neonates and 
juveniles (Radomski 1989) 
Pence et al (1988) demonstrated that coyote 
pups were infected naturally at a very young age by 
transmammary transmission. Radomski (1 989) 
showed that a threshold dose of about 300 infective 
hoohworm larvae were suffic~ent to account for over 
50% mortality in coyote neonates experimentally 
~nfected with hookwonn in the first few weeks of 
life Extrapolated to a free-ranging population, this 
indicates that j~lven~le mortality can be expected in 
populations w~th  h~gh  ookwo~m abundances 
In the coyote population of southein Texas, 
fall-collected juvenile (6 to 7 months old) coyotes 
still had vely heavy infections (Pence and Windberg, 
1984). There were 78%, 63%, 42%, and 24% of 
these juveniles w ~ t h  more than 150, 200, 250 and 
300 hoolilvo~ms, respectively (D. B. Pence and L. A. 
Windberg, unpul>lished data). These were juveniles 
which had survived the initial effects of hookwolm 
d~sease due to heavy tl-anscolostrally-acquired 
infections as neonates. 
Because most hookwolm infections of coyotes 
in southern Texas probably result from trans- 
marnrnay transmission (Pence and Windberg 1984, 
Pence et a1 1988), and 78% of the 6 to 7 month old 
juveniles harbored over 150 hookwo~ms, neonates 
which had slightly higher abundances of hookworms 
probably were lost h m  the population About 25% 
of the 6 to 7 month old coyote neonates had over 300 
hoohwolms, the LD,, threshold of Iiadomski (1 989) 
in expel-  men tally-~nfected neonates 
There was an associated hemorrhagic enteritis 
and ancylostomiasis in these juveniles which was 
complicated by h ~ g h  intens~ties of other intestinal 
helm~nths. Despite this, these animals appeared to 
be in reasonably good condition at the end of the 
warm season and prior to the fall dispersion from the 
family group. 
Rased on overwinter juvenile mortality from 
fall-to-spring (Windberg et al. 1985), it is estimated 
that perhaps one-third of the coyote pups whelped 
in southern Texas die between birth and 6 months of 
age, with another one-third of these survivors dying 
during the first overwinter period (L. A. Windberg, 
pers. comrnun.). 
The following may occur in at least some of the 
juvenile coyotes that survived the initial 
consequences of prenatal-colostrum hookworm 
infections, but maintained moderate-to-heavy 
hookworm infections through the summer and into 
early fall. 
Food supplies In southetn Texas are most 
abundant following whelping (Brown 1977), and 
neonates should be able to maintain the highest level 
of nutrition when they are part of a family group 
living in a ten-  to rial range. Dispersal of juveniles 
from parental territories occurs during the fall and 
early wlnter (Andelt 1985). Although fall food 
supplies appear adequate in most years, this is a 
period of d~etary transition when diets shift from 
fiuits as a major component to greater use of rodents 
and lagomoi-phs (Brown 1977). Therefore, heavy 
hookwolm infections may compound an already 
nutritionally-, behaviorally-, and socially-stressed 
juvenile coyote. Thus, ancylostomiasis could have 
an effect on the growth rate and survival of juvenile 
coyotes during the fall and the subsequent over- 
winter period 
Knowlton and Stoddart (1 978) concluded that 
explanations regarding regulation of coyote 
populations were speculative. However, evidence at 
that time suggested that social intolerance, as 
mediated by abundances and availability of food, 
were the primaiy dete~minants of coyote densities. 
Behavioral characteristics are linked with 
swvivo~ship. Although available ev~dence indicates 
that hookwo~m-induced juvenile mortality may 
provide a mechanism for regulation of this coyote 
population, t h ~ s  remains to be verified through 
further field stud~es 
Conclusions 
Coyote populations, such as the 1 in southern 
Texas that have been studied extensively, can suffer 
what appeal- to be frequent and severe disease 
epizootics. The casual observer witnessing 
morbidity or ep~sodes of mass mortal~ty may 
interpret the effects of these ep~zootics as 
devastating to the population (Pence and Windberg 
1994). However, the disease-induced moital~ty from 
distemper, canine pai-vovrius and mange that have 
recently caused epizootics in the coyote population 
of southern Texas was compensato~y with other 
mol-talrty factors Probably the same effect wrll be 
observed in the present rabies epizootic, once the 
virus becomes enzootic Though unpl-oven, it is 
conjectured that the abundant and pathogenic dog 
hookworm represents the only macroparasitic 
rnfection that may ei'fect regulation by reducing 
juvenile recruitment In this coyote population. 
As emphasized by Pence and Windberg (1 994) 
in their study of sarcoptic mange In the coyote 
population from southern Texas, more critical 
examination of host-disease ecological relationships 
may reveal an insignificant effect at the host 
population level. Alternatively, certaln diseases 
could be very inipo~tant o a host population if the 
eEects of 11101-tality were additive and contributed to 
the regulation of the populat~on abundance at the 
threshold of rts maximum sustainable density, as is 
suspected m hookworm infection. Thus, r t  IS of 
importance to understand the actual effect of the 
common diseases on the specific host population in 
question prior to irnplementat~on of any intervention 
or control procedures for those diseases. Further 
d~seases and pal-as~tes hould he considered when 
developing an overall management or control 
strategy for any given host pop~rlatron 
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THE EFFECTS OF CONTROL ON COYOTE POPULATIONS: 
ANOTHER LOOK 
GUY E. CONNOLLY, USDA-APHIS Animal Damage Control, Denver Wildlife Research Center, P. 0. Box 
25266, Denver CO 80225 
Abstract: Population dynamics models are useful for estimating coyote (Canis latrans) population responses to 
exploitation w well as to hypothetical birth intavent~on techniques At least 6 coyote simulation models have been 
developed over the past 25 years. This paper reviews the model developed by Connolly and Longhurst (1 975), 
and identifies some potential improvements based upon new biolog~cal information and modem computing 
technology The biolog~cal concepts embodied in the Connolly-Longhurst (C-L) model seem as valid In 1995 as 
they were in 1975. Newer studies have tended to reaffirm rather than revise earlier concepts of coyote populat~on 
mechan~cs. One s~gn~ficant shortcoming of the C-L model, as acknowledged by the authors at the time, was ~ t s  
failure to include immigration as one of the mechan~sms for replacement of coyotes removed in control 
Subsequent studies have reiterated the importance of irnrnigrat~on and emigrat~on in the dynamics of explo~ted 
coyote populations, but reseal-chers have not made corresponding progress toward the inco~porat~on of these 
phenomena into simulation models. Updat~ng the C-L model would conslst largely of revamping it to run on 
modem computers and software. A new edition would make the model useful to wildlife managers interested in 
the effects of predator control on the dynamics of selected coyote populations. The updated model would calculate 
blrths and deaths monthly rather than annually, and mlnor changes could be made to the b~l-th and natural mortality 
functions. However, the rev~sed model probably would susta~n most of the conclusions stated in 1975. 
The coyote is much admired for ~ t s  urvival 
ab~ l~ ty .  As Gabrielson (1 95 1) recognized many 
years ago, no other American mammal has shown 
greater adaptability and stamina in the face of 
ruthless oppression In spite of guns, dogs, poisons, 
and traps, pursued by hired hunters and calving a 
price on his head, the coyote has managed not only 
to survive but to extend his range Into new ten-ito~y. 
Hundreds of thousands of coyotes are k~lled each 
year in the western United States, yet large and 
healthy populations remain. 
How does the coyote do ~ t ?  The b~olog~cal 
answers to t h ~ s  quest~on have been sought in many 
field studies of coyote populations (Connolly 1978). 
Additionally, several teams of biologists have 
analyzed the elements of coyote population dynamics 
and assembled them into mathemat~cal simulat~on 
models of coyote populat~ons. 
The models that help us understand the coyote's 
legendary s u ~ v ~ v a l  h ~ l ~ t y  are those that prov~de 
nurne~ical est~mates of coyote populat~on responses 
to management; 1.e , exploitation (k~lling or harvest) 
and birth control At least 4 such models were 
developed in the 1970s (Connolly 1978). This 
paper I-examines one of these models (Connolly and 
Longh~~l-st 1975; hereafter te~med the C-L model) in 
light of more recent ~nfo~mation Herein I identify 
some Improvements that, ~f implemented, would 
update the model and make it more useful to wildlife 
managers. 
The C-L model 
The C-L model establ~shed an initial population 
100 coyotes. Coyote numbers in this populat~on 
changed over tlme due to births, "contl-ol kill" 
(defined later), and natural losses The model was 
developed for the plupose of est~mat~ng the probable 
elkcts of esplo~tation, b~l-th suppress~on, or both on 
coyote populations. 
S~mulation exper~ments with the C-L model 
showed that the pnmay effect of k~lling coyotes was 
to reduce coyote population density, thereby 
st~mulating density-dependent changes in natality 
and natural mol-tality rates. The s~mulated 
population survived ~ndefin~tely when 70% of its 
members were killed annually, but decl~ned to zero 
In about 50 years when 75% were killed each year. 
Coyote populations reduced by ~ntensive control 
returned to pre-control densities within 3-5 years 
after control was te~minated 
In the C-L model, birth suppression as the sole 
management tactic reduced the coyote population 
significantly only when most (80-95%) of the 
females were prevented from producing pups. Birth 
suppression combined with killing appeared to be 
more effective In reduclng coyote numbers. The 
model and its use to deteimine population responses 
to various control strategies were described in detail 
by Connolly and Longhurst (1 975)'. 
The C-L model revisited: assumptions, input 
parameters, and computations 
Population stabiliv. In the absence of control or 
exploitation, the C-L model's coyote population was 
stable, both in numbers and age stlucture The 
calying capacity of the envll-onment also was stable 
and did not change regardless of the level of 
exploitation These principles would be retained if 
I was updating the C-L model. 
Area irlhabited by tlie coyote population. The pop- 
ulation Inhabited an area of unspecified size, but 
with sufficient I-esources to sustain a breeding 
population of just 100 coyotes each year. The 
canying capacity of this area was assumed to be 
constant year after year. In updat~ng the C-L model, 
I would now make i t  functional with geographic 
areas of any desired size. The size of the area, 
together w~th  an esttn~ated coyote density, would be 
spec~fied with other ~nitial- input parameters at the 
start of each lun The initial coyote population 
would be the pi-oduct of coyote density and 
geographic area. For esample, an initial input of 
1,000 mi2 with a density of 1.5 coyotes/mi2, would 
yield an initial population of 1,500 coyotes. 
N~cnrber. of age classes. All coyotes in the C-L 
model were elther pups (0- 12 months old) or adults 
(over 12 months old). Pups approach~ng their first 
birthday were telmed yearltngs for puiposes of birth 
computations. Adults were not tracked as yearly age 
classes, so natural death rates were constant for adult 
coyotes of all ages. In the updated model it would be 
desirable to track ~ndividual cohorts up to 8 or 10 
years of age. 
' ~ h r s  plthlrcatron con be ohtnrned frorrr the Denver W~ldl fe  
Research Center. P.0 Bor 25266, Denver CO 80255 
Causes of dearli. In the C-L model, all coyote 
deaths resulted from either control (killing by 
humans) or natural causes (all non-human causes). 
This would not change in the updated model 
Control kill specrfications. A "control kill" rate 
was specified as one of the initial input parameters 
for each run of the C-L model. Control kill was 
specified as a percentage of the maximum (post- 
whelping) population, and the same percentage was 
applied to pups and adult coyotes. It was not 
possible to take daerent proportions of different age 
classes nor to distribute the control kill among 
different seasons of the year. An updated model 
could permit the control kill to be specified 
separately for each month, with zeros entered for 
those months when no kill would occur. Control 
specifications could be entered as either percentages 
or number of coyotes to be removed from each age 
class. 
Bir+th coriti~ol specifications. Bii-th control m the 
C-L model was simulated by preventing specified 
percentages of the noimally-breeding females from 
having litters This procedui-e would be retained in 
the updated model, and I would add the ability to 
specify birth prevention as either percentages or 
numbers of females in each age class. The 
pragmatic reader may note that practical birth 
control methods for wild coyote populations are no 
nearer to reahzation now than they were 20 years 
ago. Therefore, the simulation of birth intervention 
impacts has little relevance to coyote management as 
practiced in 1995 
Bid2 and death conrpz~tations. Each annual cycle 
in the C-L model consisted of one computation of 
births, followed by a single computation of control 
removal (ifany) from the maximum (post-whelping) 
population, followed by a single computation of 
natural mortality. Natural mortality rates were 
applied to those coyotes that survived control. At 
the end of each year, the clos~ng population became 
the beg~nning (breeding) population for the nest 
year Seasonal differences in control or natural 
moi-tality rates could not be simulated in the C-L 
model. 
The updated C-L model would perform 
calculations monthly rather than annually. Births 
could all occur In 1 month, as in the C-L model, or 
could be distr~buted across 2-3 months as they 
actually occu- in most wild coyote populations. The 
distribution ofbii-ths would be specified in the initial 
input. Control kills would be subtracted in the 
month(s) specified in the initial input. 
sex ratios as in the C-1, model 
Natural mortality in the updated model would 
be subtracted in each month, unless the model user 
specified no natural mortality for the month. Users 
would have the option of specifying the proportion 
of total annual natural mortality that would occur in 
each month separately for each age class. If no 
distribution was specified in the initial input, the 
model would automatically distribute the total annual 
natural mortality evenly over the 12 months of each 
year. 
In the revised model, the computation sequence 
each month would proceed as follows: 
OPENING IMIENTOIZY 
+ BIRTHS ( y a y )  
- CONTROL KILL (gaily) 
- NATUIUL A/IORTALIT17 (~f any) 
= CLOSING INVENTORY. 
The closing invento~y each month would become the 
opening invento~y for the next month. Each set of 
12 months in the model would comprise one annual 
cycle. Monthly statistics would be summed as 
necessary to produce annual statistics. 
Sex ratiosl Even (i e , 50 males:50 females) sex 
ratios were assumed in the C-L model for each age 
class, including pups at birth. All mo~tality, whether 
fiom control or natural causes, applied to males and 
females equally. Other coyote populat~on models 
reviewed by Connolly (1 978) also assumed a 50:50 
sex ratio, as d ~ d  more recent simulations (Sterling et 
al. 1983; Windberg and Knowlton 1988) 
More recent field stud~es, however, have been 
inconsistent on this polnt. Some repoi-ted even sex 
ratios (Nellis and Keith 1976; Crabtree 1989), but 
others suggested that there was a preponderance of 
males among samples of adult coyotes from 
populations where exploitation was low (Gese et al. 
1989) or a prepondesance of females where 
exploitation was more intense (Knowlton 1972) 
Therefore, it IS not clear to me whether an updated 
C-L model should or should not incorporate sex 
differential birth or death rates. It would be easy 
enough to incorporate sex-differential birth or 
mortality funct~ons into the model, but difficult to 
develop valid sex-differential functions from 
~nfo~mation currently available. Considering all 
current idolmation, I probably would I-etain even 
Conipensatoly natality and mortaliv. A key 
assumption in the C-L model, and in all other coyote 
population models known to me, is the principle of 
compensatory natality and mol-tality. That is, 
removal of coyotes enhances conditions for the 
animals that survlve exploitation so that birth rates 
are higher and natural mortality lower than in the 
unexploited populat~on These phenomena were 
s~mulated In the C-L model by density dependent 
funct~ons, i.e , equat~ons that caused average litter 
size, proportions of female coyotes producing young, 
and proportions of animals dying of natural causes to 
vary with relat~ve coyote density (Figs. 2-4 m 
Connolly and Longhurst 1975). 
A few reposts published since 1975 have 
re~terated the existence and Importance of 
compensatoly or density dependent relationships in 
coyote population dynam~cs (Conn011y 1978, 
Sterling et al 1983) Var~ations in emigration rates 
also may be density dependent (Knowlton and 
Stoddart 1983). Thus, the assumpt~on of density 
dependent compensations in birth and death rates 
appears to be as valid in 1995 as it was in 1975. 
Explicit quantification of the magnitude of these 
compensatoly responses, however, was lack~ng In 
1975 and remains equally lacking in 1995. C o ~ o l l y  
and Longh~u-st (1 975) presented bii-th and death rate 
functions as speculative and pointed out a need for 
addit~onal research to refine them The C-L model 
was constructed so that improved funct~ons could 
read~ly replace the initial ones. As of 1995, 
howevel-, improved functions have not heen 
forthcoming, and the specific f o ~ m s  of these 
functions remaln a matter of speculation. If further 
work is done with the C-L model, s ens~ t~v~ ty  
analyses would be desirable to dete~mine how much 
the model output is affected by changes in the shapes 
and slopes of these functions 
Bir?h i.a~e$iiictio~is. The C-L model contained 3 
density-dependent buth rate funct~ons (Connolly and 
Longhurst 1975 .Figs. 2-3) Two of these expressed 
the I-elationship between relative population density 
and the propoltion of adult females and yearling 
females, respectively, that would produce l~tters. 
The third function established mean litter sizes that 
varied w~th  relative population density. In the C-L 
model, mean litter size for yearling females was the 
same as that for adult females. The shapes of these 
functions were highly speculative, but there IS l~ttle 
new research that would help refine them 
The C-I, functions for yearl~ng and adult 
pregnancy rates were concocted from published 
estimates of the ranges of variation in pregnancy 
rates, l.e., 0-70% for ycarlings and 60-90% for adult 
females Subsequent stud~es have tended to yield 
pregnancy rates that fall m or near these ranges. 
Nellis and Keith (1 976), for example, found 
pregnancy rates of 94% for adults and 14% for 
yearlings in central Alberta Examinations of female 
coyotes from a lightly exploited population in 
southeastern Colorado showed that all 10 adults 
contamed placental scars, but none of 1 1 yearlings 
showed evidence of whelplng (Gese et al. 1989). 
Crabtree (19891, In contrast, found that alpha 
females aged 2-6 years were the most successful 
breeders In an unexplo~tcd coyote population in 
eastern Weshing1on, overall, 40% of h ~ s  females 
were productive and the age at first breeding was 2 -  
3 years 
These stud~es do not ~iidicate a need to revlse 
the yearling or adult pregnancy rate hnct~ons  In the 
C-L Consequently, I would not change them In an 
updated model 
Mean I~tter sizes also have been est~mated in 
scveral stud~es published since 1975. Nellis and 
Keith (1 976) reported an average of 5.3 pupsllitter 
for 26 litters esam~ned at dens in Albeita. In 
no1t11e1-n Utah, mean litter slzes were est~mated to 
vuy m different years from less than 5 to more than 
8 pups per litter based on placental scar counts; 
mean litter size was con-elated with jackrabbit 
(Lepris cu/ifovi~rcus) abundance (Knowlton 1989). 
The model of Sterling et al. (1 983) assumed mean 
litter sizes to range from 4 3-7.6 pupsnitter. The 
lightly esploited Colorado population of Gese et al. 
( 1989) had an average of 3.2 pupsA~tter (n = 16), 
whereas an average of 5.6 pupsAitter was reported 
fi-om an almost unesplo~ted Wash~ngton population 
(Crabtree 1989) CI-abti-ee suggested that litter size 
is relatively ~nseusitive to the level of esplo~tation 
Cons~der~ng all of these find~ngs, I would be 
inclined to reduce mean 11ttcr sizes slightly fiom the 
range of 4.5-9 pupsnitter used in the C-L model to 
about 4-8 pupshitter in the revised model. 
Natrct.a/ ~trot~~alityjirt~cl~ons. The C-L model had 2 
density-dependent natural moitality functions 
(Connolly and Longhurst 1975,Fig 4). They 
assumed annual natural mo~ta l~ty  of 40% for adults 
and approximately 6 1 % for pups m an unexploited 
population. These rates declined to 10% as the 
coyote density was reduced to 0 by control kills. As 
with the birth funct~ons, these mortality functions 
were conjectural, and there is little basis in new 
research to help refine them. 
A review by Knowlton and Stoddart (1983) 
showed that annual adult mortality rates of 25-45% 
are common with 6 5 7 5 %  mortality indicated in a 
few stud~es. This report also drew attention to 
apparent high rates of post-natal losses of pups, 
perhaps as high as 30 to 60% during the first 6 
months of life. Nellis and Keith (1 976) estimated 
mo~tal~ty rates (all causes) of 7 1 % for pups and 36- 
42% for coyotes over 1 year old. Gese et al. (1 989) 
found annual mo~tality rates for adults, yearlings, and 
pups of 13, 48, and 49%, respectively. These 
workers also reported that res~dent coyotes, 
transients, and d~spersers had annual mortality rates 
of 13, 39, and 6 1%, respectively. The Gese et al. 
study took place on a 400-mi2 area where coyotes 
were not exploited, however, coyotes were exploited 
on sui-roundlng areas The relatively unexploited 
population%tudicd by Crabtree (1 989) was found to 
have annual adult mortality of only lo%, but 58% of 
pups died during then- first 14 weeks of life 
Crabtree suggested that early pup su~vival is the 
major reproductive response to explo~tat~on. 
Considcnng all these sources of information, I 
would be inclined to retain the C-L model's current 
natural moitality function for pups, where much of 
the annual mortality occurs In the first month or two 
aAer bu-th I would replace the single adult mortality 
function In the C-L model with 3 functions--one for 
yearlings, another for 2-6 year adults, and another 
for older animals Prime-age adults (~.e. ,  2-6 years 
old) would have lower moital~ty rates than yearl~ngs 
or coyotes older than 6 years. 
1111 rtr ig~.u~iotl a r~d  e~)rigrzrtiot~. The C-L model 
assumed that ~mm~gratlon a d emlgatlon either did 
not occur or occui-red at equivalent rates. Connolly 
"Crabtree's srrtdy area rn eastern Wash~ngton certarnly 
supports I ofthe leasr explorted coyote popttlatrons rn rhe lower 
48 states, bur all rhe adrtlt coyote ~~rortal~ry he recorded was 
assocrated wrth hrrt~ian causes and there was a net loss of 
anrt>mls through egress. Thus rhrs popularron shortld be 
regarded as lrghtly explorred, not ttnexplorted. 
and Longhurst (1 975) agreed with Knowlton's 
(1 972) contention that immigration (dispersal or 
infiltration) of coyotes from lightly hunted areas 
provides the mainspring for restocking areas under 
high rates of exploitation, but they left this aspect of 
coyote biology out of the C-L model because they 
couldn't devise a workable rationale to simulate it. 
Other coyote models reviewed by Connolly (1 978) 
also omitted ingress and egress, perhaps for the 
same reason. 
Biologists have made few advances on this topic 
over the past 20 years. Immigration has continued to 
be identified as a major element of coyote population 
dynamics (Connolly 1978; Knowlton and Stoddart 
1983 ; Gese et al. 1989; Crabtree 1989). However, 
information on rates of ingress and egress and the 
explanations for these movements remain scanty 
(Knowlton and Stoddart 1983). More recently 
published coyote population simulations (Sterling et 
al. 1983; Windberg and Knowlton 1988) also failed 
to account for ingress and egress. 
Perhaps one reason why modelers haven't made 
more effort to simulate the dynamics of unbounded 
coyote populations is the attractive simplicity of 
models involving closed populations. In real 
populations, coyote numbers change over time as the 
aggregate product of births, deaths, ingress and 
egress. But in a closed population, coyote numbers 
can change only through births and deaths, and 
reciuitment to any age class consists of the survivors 
from a younger age class. 
Given the relative simplic~ty of computing the 
dynamics of closed populations, some modelers 
could find it convenient to ignore immigration and 
emigrat~on, even if workable techniques were 
available to simulate these processes. 
It seems likely that someone eventually will 
devise a practical way to integrate ingress and egress 
in coyote simulation models. Pending such 
developments, the best way to minimize the adverse 
effects of ignoivlg ingress and egress may be to limit 
the application of coyote population models to large 
geographic areas, the larger the better. On small 
areas, I speculate that the erroneous assumption of a 
closed population, if substantial ingress actually 
occurs at h ~ g h  rates of exploitation, would yield 
model output that understates a coyote population's 
resilience to control. 
Also, it seems that any errors introduced by 
assuming populations to be closed decrease in 
proportion to the size of the area occupied by the 
simulated population. That is, it may be invalid to 
assume that the population on a small geographic 
area is closed but more valid to make such an 
assumption for a large area. Of course, a population 
could in fact be closed if ~t inhabits an island or is 
bounded by large water bodies, coyote-proof fences, 
or other genuine barriers to coyote movements. 
Truly closed coyote populations, however, are 
extremely rare if they exist at all. 
Coniputing hardware. The C-I, model ran on a 
Wang Model 360 electronic calculator with a CP-I 
card programming attachment. This calculator 
displayed results visually; there was no printed 
output. The program was designed with stop 
commands at each critical point so that, as 
computations proceeded, each desired result could 
be copied manually from the display. 
As ciude as this may seem by 1995 standards, 
it worked quite well in 1974. The slow computation 
speed was not a problem, but the Wang unit did not 
have enough memoly to allow separate computations 
for animals by year classes. Also, it would have 
been desirable to compute births and deaths on 
monthly rather than annual cycles, but this would 
have been nearly impossible with the Wang system. 
In 1995, of course, one would not run a 
sunulation model on a programmable calculator but 
on a desktop computer using statistical software. 
Output would be printed and could include both 
tabular and graphical summaries. In my conception, 
the revised C-L model would run on a variety of 
computer models and be transportable on floppy 
discs or by electl.onic transfer 
One feature of the C-L model that could and 
should be retalned in any update is its mathematical 
simplicity. The C-L model involved no 
computations other than simple addition and 
multiplication, and I know of no reason why an 
updated model should be more complicated. 
Discussion 
It appears to me that wildlife biologists' under- 
standing of coyote population responses to 
exploitation have not changed appreciably over the 
past 20 years. Additional studies have refined the 
numerical ranges of some parameters, but the new 
infolmation confilms rather than revises the 
concepts set forth in Knowlton's (1 972) landmark p- 
aper Most coyote population simulations (including 
the C-L model) add little more than descriptive 
arithmetic to Knowlton's model, which elucidated 
the basics of coyote population mechanics in a form 
that has seen little improvement since 1972. 
The C-L model was based largely on 
Knowlton's (1 972) concepts and information. 
Except for revisions to incolporate the mechanisms 
of ingress and egress, which eluded Connolly and 
Longhurst (1975) as well as other coyote simulation 
models to date, I see no need for major revisions in 
the C-L model 
This is not to say that there have been no 
advances in our understanding of coyote population 
biology. Since 1972, Knowlton and others have 
identified social intolerances as an important factor 
in, if not the basis for, natural regulation of coyote 
population density (Knowlton and Stoddai-t 1983, 
Gese et al. 1989). The ten-itorial pair is now 
recognized as the basic unlt of coyote populations, 
and disluption of social patteins may be an 
impoi-tant, undesirable result of exploitation 
(Knowlton 1989, Crabtsee 1989). To date, however, 
these pnnciples have not been applied to coyote 
simulation models. 
Simulation efforts since 1975 have tended to 
confilm the C-L model in showing that coyote 
populations can suppol? high rates of exploitation. 
Sterling et al. (1 983) found in their simulations that 
control programs inflicting less than 50% annual 
moitality could not be expected to produce declining 
populations using any combination of litter size and 
percent breeding. Windberg and Knowlton (1 988) 
showed that the number of coyotes actually using 
small geographic a]-eas, and therefore the number 
that would have to be removed to gain population 
control, is much greater than one might infer from 
density estimates. Thesefore, it appears that the 
main conclusions stated by Connolly and Longhurst 
(1 975) 1-emaln valid today. 
There have been major changes on the 
computing fiont, however. The pro@-ammable 
calculator used for the C-L model was scrapped long 
ago, and the utility of this model would be very much 
enhanced by revamping ~t to run on modem 
cornputel-s. In~proved realism would result from 
incol-poi-ating the changes detailed earlier in this 
paper, but I expect that the updated model would 
generate results similar to those produced by the C-L 
model. 
The updated model would be particularly useful 
to biologists who need a way to evaluate ADC 
programs or other human impacts on coyote 
populations in specific geographical areas, e.g. 
states, ecological regions, national forests, or BLM 
resource areas in connection with the preparation of 
environmental analyses under the National Envir- 
onmental Policy Act. 
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COYOTE INTERACTIONS WITH OTHER CARNIVORES 
TERRY L. BLANKENSHIP, Biologist, Welder Wildlife Foundation, P.O. Box 1400, Sinton, TX 78387 
Abstracl: Coyotes (Canis latrans) occur sympatrically with several predators throughout their range. Habitat and 
food resources are similar, although the coyote typically utilizes a wider range of food items. Larger predators 
generally select larger prey, allowing predators of different sizes to coexist. Coyotes exhibit aggressive actions 
towasds smaller predators, but in most cases they avoid contact with other predator species. Studies indicate that 
coyotes can exclude 01- displace foxes (Vulpes vulpes, Urocyon spp.), and an inverse relationship exists between 
abundance of coyotes and foxes. There is evidence suggesting that extensive reduction of coyote populations 
allows other predator populations to increase. 
The coyote competes or coexists with several 
predators thoughout its range. In Texas, the 
mountain lion (Felis concolor), bobcat (Felis rujius) 
and both red and grey foxes (U. cinereoargenteus) 
are predators that share resources with the coyote. 
Raccoons (Procyon lotor) and striped skunk 
(Mephitis ~nephitis) are 2 other small carnivores that 
are found in similar habitats and utilize the same 
foods Research has identified the resources utilized 
by each of these species. However, dietary overlap 
alone does not imply competition is occurring. 
Studies of competition for resources, and the effects 
of such competition, are fewer and inherently more 
difficult to detem~ine. 
Food resources or prey availability is a major 
factor in dete~min~ng an animal's use of an area or 
habitat. Numbers of predators and use of the same 
habitat and prey items can result in competition for 
resources. The puspose of thls paper is to review 
cut-sent knowledge on. (1) resource use by, (2) 
interspec~fic relations betweedamong, and (3) 
population response to coyote control, in order to 
dete~mine the impacts of coyotes on the ca~nivores 
listed above. Data included here illustrates how 
little has been done on interspecific relationships of 
predators in Tesas or the Southwest. 
Resource use 
The coyote, mountain lion, bobcat, gray fox, 
raccoon, and striped skunk are found throughout the 
state. The red fox now ranges from the easteln past 
of the state to central Trans-Pecos region excluding 
south Texas (Davis and Schmidly 1994). These 
calnivores use sim~lal- habitats and can be found in 
close proximity to each other. However, each may 
prefer specific habitat charactei-istics. Densities of 
each predator vary depending on area. Mountain 
hons prefer the dense cover found in the thick brush 
habitats of South Texas or the broken rough country 
characterized by rirnrocks, boulder piles, cliffs and 
canyons of the Trans Pecos (McBride 1977). Foxes 
seem to prefer edges along brush and woodland 
areas where clearings have been created for pasture 
or cropland. They also do well around human 
habitations (Samuel and Nelson 1982) The raccoon 
prefers habitats with larger trees and are usually 
found close to watel- However, they are a common 
predator in the blush habitats of South Texas and the 
semi-desert areas of West Texas (Davis and 
Schmidly 1994). 
The prey items utilized by each carnivore are 
also simllar, but the proportions are not similar. 
Prey items taken are related to size of the predator, 
habitat type, time of year, and abundance of prey. 
McBride (1977) analyzed mountain lion stomach 
contents and scats fsom the Trans Pecos and 
reported the major foods were deer (Odocoileus 
spp.), javelina (Tayassu tajacu), and porcupine 
(Erethizon dorsat~cni). 
Leopold and Krausman (1 986) documented the 
diets of mountain lions, bobcats, and coyotes in Big 
Bend National Park during 2 time periods. Their 
data indicate how 3 predators in the same area prefer 
certain prey items and how this can change when 
prey abundance changes (Table 1). A significant 
decline in the desert mule dqer (Odocoileus 
henzionl~s crook;) population occu~red during the 
second time period Mountain lions increased the 
use ofjavelina when the deer population decreased. 
Coyote and bobcat d~e t s  howed greater 
Table 1. Average relative frequency of prey species in mountain lion, bobcat, and coyote scats for 2 time 
periods (1972-74 and 1980-81) in Big Bend National Park, Texas (after Leopold and Krausman 1986). 
Mt. lion Bobcat Coyote 
Prey 
Deer 0.75 0.39 0.24 0.03 0.22 0.05 
Javelina 0.15 0.38 0.06 0.02 0.10 0.02 
Rodents 0.10 0.05 0.31 0.28 0.24 0.26 
Rabbits 0.03 0.14 0.51 0 7 8  0.38 0.56 
Birds, reptiles 0.04 0.03 0.14 0.18 0.17 0.22 
Porcupine 0 0 7  0 0 1  
Seeds, fruits 0.44 0 49 
overlap. Rabbits and rodents were the primary items 
in bobcat diets Deer were of secondary importance 
for both bobcats and coyotes, however when deer 
populations declined, bobcats and coyotes increased 
their use of rabbits. Coyote diets were most diverse 
and included seeds and fruits dui-ing the year. 
Leopold and Krausman (1 986) suggested deer use 
decreased in the lion's diet because the deer 
population had declined. They speculated that 
because mountain lions were not preying as much on 
deer, less deer cairion was available for coyotes or 
bobcats. 
Beasom and Moore (1977) studied the effects of 
a change in prey abundance on bobcat prey selection 
in South Texas. Durlng one yeas 80% of the diet 
consisted of cotton rats (Srgnzodon hrspidus), 
cottontails (SvlvilagusJoridanus), and wh~te-tailed 
deer (0. vrrginianus). A total of 21 prey species 
was found in the diet. The following year there was 
an increase in cotton rat and cottontail populations. 
The diet changed to 96% cottonsats and cottontails, 
and only 6 different species of prey were recorded. 
The diet of the fox changes during the year. 
Duling winter, foods included 56% small mammals 
(cottontails, cotton rats, pocket gophers (Geomys 
spp.), pocket mce (Perognathus spp.), 23% insects 
(mostly grasshoppers [Acrididae]), and 2 1 % birds. 
The late summer and fall diets included 30% 
persimmons and acorns, 26% insects, 16% small 
mammals, 14% birds, and 14% crayfish (Davis and 
Schmidly 1994). 
Raccoons are considered to be 1 of the most 
omnivorous animals; their diet can include fruits, 
small mammals, birds, insects, carrion, garbage, 
grains, plant material, and most human foods 
(Sanderson 1987) Similar to raccoons, 78% of the 
striped skunk's diet consist of insects during different 
seasons of the year The I-emainder of their diet may 
include small rodents, birds, reptiles, and vegetation 
(Davis and Schmidly 1994). 
Interspecific interactions 
Interspecific interactions can result in the death 
of a competing predator, or merely the exclusion of 
the subordinate species. Although aggressive 
inte~actions occur, most predators avoid contact. To 
dete~mine if a predator is being excluded by another, 
studies are conducted on the dietary overlap and 
habitat use durlng diffei-ent weather conditions, 
seasons, or years. 
Mountam lions, bobcats, and coyotes in central 
Idaho utilized different habitat and topographic 
characteristics during summer. Mountaln lions and 
bobcats were associated with habitats providing 
stalking cover, whereas coyotes used open areas 
more frequently. The bobcat's inability to move 
through deep snow influenced use of areas in the 
winter. A greater degsee of overlap of habitat and 
prey occurred during the winter as predators and 
prey moved to lower elevations 
Dietary overlap in winter resulted in mountain 
lions k~lling 4 bobcats and 2 coyotes near feeding 
sites. These attacks involved mountain lions 
defending or usurping food caches (Koehler and 
Hornocker 1991) Boyd and O'Gara (1985) 
reposted that mountam l~ons  were a major cause of 
moitality for bobcats and coyotes. Five of 8 bobcats 
and 3 of 7 coyote deaths were attributed to mountain 
lions appasently protectmg food caches. Analysis of 
mountain lion food habits have found trace amounts 
of coyote, bobcat, and fox present in stomach 
contents (Robinette ct al. 1959, Krausman and 
Ables 1981). 
It has long been believed that coyotes out- 
compete bobcats, I-esulting in reduced populat~ons of 
bobcats. Major and Sherbuine ( I  987), conducting 
research in Maine, ind~cated that coyotes and 
bobcats shared home ranges, habltat use, and diets, 
but there was no data to support intei-ference 
competition. Coyote and bobcat diets and habitat 
use overlapped in 01-egon, however there was l~ttle 
competition between the two because prey 
populations were hlgh (Witmer and deCalesta 
1986). 
Litvaitis and Han- son (1989) studied bobcat- 
coyote relationships during a period of coyote 
expansion in Maine. Seasonal habitat use by 
coyotes vaned more than bobcats, perhaps because 
of the greater variety of food items In coyote diets. 
They also indicate that bobcat food hablts have 
changed since the anival of coyotes to Maine. 
Litva~tis and Hallson (1 989) found that coyotes 
did not displace or exclude bobcats. They 
speculated that coyotes have reduced the cartying 
capacity of bobcats by reducing prey availability and 
suggested that bobcat numbers will decline and 
stabilize at lower densities as a result of increasing 
coyote densities. They also report one incident of 
coyotes preying on a bobcat. Under the right 
circumstances it is not impossible for a coyote or 
gsoup of coyotes to kill a bobcat. 
Coyotes are belleved to influence the 
distribution and abundance of red foxes (Sargeant 
1982). Sargeant et. al (1 993) reported study areas 
that had Increased coyote track counts had a 
cotresponding decrease in fox track counts. Major 
and Sherbure (1 987) reported simultaneous 
locations of coyotes, bobcats, and foxes that shared 
ranges maintained distances between individuals. 
Avoidance is believed to be the principal motive for 
this spatial segsegation. 
In areas where coyotes and red fox occur 
sympatsically, fox tenitories are located on the edges 
or outside of coyote territories. These data 
supported the conclusion of interference competition 
between foxes and coyotes (Major and Sherburne 
1987). Schmidt (1 956) suggested that red foxes are 
excluded or displaced from areas inhabited by 
coyotes. The fox seems to do well around human 
habitations because of the lower number of coyotes 
(Samuel and Nelson 1 982) 
Schmidt (1 986) cited references indicating that 
coyotes kill red foxes, although he indicated that 
coyotes at-e an insignificant source of mortality. 
Sargeant and Allen ( 1 989) reported on coyotes' 
antagonlstlc behavior towards foxes and identified 
instances of coyotes kllling foxes. However, they 
also c~ted radio-telemetiy studies that found no 
mol-tality of foxes in al-eas inhabited by coyotes 
Population responses from coyote control 
Although there have been studies conducted on 
the overlap of diets and hab~tat use betweenlamong 
PI-edators, there have been few studies designed to 
study the response of predators to removal of 
coyotes. If competition exists between coyotes and 
other predators, the reduct~on of coyotes should 
reduce competition and allow other predator 
populations to increase. 
Toxicants, such as strychnine and compound 
1080, were used In coyote control programs until 
their uses were banned in 1972. Compound 1080 
was used extensively in western states (including 
Texas) as an effective and selective predacide for 
coyote management (Nunley 1977). Nunley (1 977) 
and Schrmdt (1 986) indicated that coyote population 
trends decreased in western states with the initial use 
of compound 1080. Nunley (1 977, 1978) reviewed 
United States Fish & Wildlife Service catch records 
from New Mexico to look at coyote control efforts 
on non-target species. He indicated that the use of 
Compound 1080, which increased substantially in 
1950, resulted in a decrease in coyote numbers and 
a subsequent increase in bobcat, badger (Ta.urdea 
ramrs), skunk, and fox numbers. This response was 
believed to be a result of reduced competition for 
food and not a reduction in predation by coyotes. 
Similar trends occurred in other western states, 
therefore Nunley (1 978) deemed it unlikely that the 
population responses among other predators was 
caused by natural cycles In prey abundance. 
Robinson (1 961) and Linhart and Robinson 
(1 972) reported on the densities of bobcat, skunk, 
badger, raccoon, and fox in areas under sustained 
coyote control Trapper catch records in New 
Mexico, Colorado and Wyoming were used as an 
index to determine fluctuations in densities. Thus 
high densities of various carnivore species would be 
reflected by high catch records. They concluded that 
coyote control was having little effect on carnivore 
populations. Data kom Wyoming showed that fewer 
coyotes were caught, but an increase in captures of 
bobcats, badges, raccoons, and red fox were noted. 
A year-round intensive coyote control program 
was conducted in Andrews County, Texas to study 
the population response of selected marnmallan 
predators (Henke 1992). The relative abundance of 
bobcats, badgers, and gray fox increased on 
controlled areas after initiation of coyote removal. 
No change was detected in skunk populatrons 
Conclusions 
Sympatric predators often share habitats and 
utilize similar foods depending on location, season, 
and prey availabilrty Decreases in prey abundance 
can result in increased competrtion and increase 
interspecific ~nteractions. Differences in size allow 
similar predator species to coexist in the same area 
(Rosenzweig 1966). No studies have identified 
coyote predation as a cause for limiting or 
decreasing other predator populations. Studies do 
indicate that coyotes can and do exclude or displace 
foxes, and there is an Inverse relationship between 
abundance of coyotes and foxes. No studies show 
that coyotes exclude bobcats, raccoons, or skunks. 
There is evidence to indicate that extensive reduction 
of coyote populations allows other predators to 
increase. This response is probably related to the 
increase in food availability. 
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EFFECTS OF COYOTE CONTROL ON THEIR PREY: A REVIEW 
SCOTT E. HENKE, Campus Box 21 8, Caesar Kleberg Wildlife Research Institute, Texas A&M University- 
Kingsv~lle, Kingsville, TX 78363. 
Abstract: Coyotes (Canis latrans) are often removed from an area because of their predatory nature, regardless 
of the effect such removal may have on the ecosystem. Research results concerning ecosystem changes due to 
coyote removal appear ambiguous; however, differing lengths of coyote control can produce different results. 
Short-term coyote removal efforts (5 6 months) typically have not resulted in increases in the prey base; however, 
long-term, intensive coyote removal reportedly has altered to alter species composition within the ecosystem. 
A dichotomy of views exists concerning the 
role of coyotes in ecosystems. Ranchers, wildlife 
biologists, env~ronmentalists, and urbanites have 
different views concerning the same animal 
Historically, livestock managers have been the group 
most concerned with coyotes because of their 
depredation However, with the advent of game 
ranching, lost wildlife revenues result~ng from 
coyote predation have increased the competition 
between human interests and coyotes (Scrivner et al. 
1985). 
Coyotes have been linked to the decline of 
white-tailed deer (Odocorleus virginranlrs) (Cook et 
al. 197 1, Harnlin and Schweitzer 1 979, Hamlin et al. 
1984), mule deer (0 .  Irenrionus) (Truett 1979), and 
prongholm (Airtilocapra artzerrcana) (Neff et al. 
1985) through predation on fawns. Coyotes were 
responsible for 86% of annual white-tailed deer 
fawn mortality in Oklahoma (Gainer et al. 1978). 
Although rarely observed, coyotes have been 
reported to prey upon adult deer (Hamlin and 
Schweitzer 1979, Tlvett 1979). To resolve the 
problem of predation on domestic livestock and 
wildlife, various coyote control programs have been 
htiated; however, most techniques have resulted in 
limited success (Connolly 1978). 
To further enhance the problem of disparate 
views, coyote control is not a widely accepted 
practice by the populace at present. A growing 
concern for anunal welfare has caused the American 
public to re-assess its attitude toward coyote control 
All lethal methods, and most nonlethal methods, of 
coyote control receive little acceptance from the 
general public (Arthur 198 1) 
Vaious animal activist groups have questioned 
the accuracy of the number of livestock reported 
lost to predators and contend that ranchers 
exaggerate their losses to justify the need for 
predator control (Baker 1985). Defenders of 
Wildl~fe (1978) contended that not all coyotes prey 
on livestock, and that mass eradication is like 
"randomly killing large numbers of people when a 
murder IS committed in the hopes of killing the 
murderer " 
Animal Damage Control (ADC) personnel 
argue that coyote eradication is not their intended 
goal and that they only kill about 18-29% of the 
coyote populat~on in 13 cooperating western states 
(U S. F ~ s h  and W~ldlife Service 1978) Connolly 
and Longhurst (1 975) examined the effect of control 
on coyote populations using a simulation model and 
dete~mined that a minimum annual removal of 75% 
of the breeding population was needed to 
consistently lower the coyote density. 
Wayne Pacelle, national director of The Fund 
for An~mals, has used this information as an 
argument against ADC, stating that because ADC 
only removes 18-29% of the coyote population, the 
entire coyote removal program 1s not only doomed to 
fail, but is also a waste of tax dollars. Defenders of 
W~ld l~fe  (1 978) estimated that the average cost of 
killing coyote is approximately $1,000. Conse- 
quently, in their view, it would be less of an 
economic burden on the taxpayers to pay ranchers 
for livestock killed by coyotes. 
C e ~ t a ~ n  a imal activist groups argue that the 
coyote IS a valuable p a t  of the ecosystem and should 
not be persecuted by man (Defenders of Wildlife 
1978, Humane Society 1978, S~en-a Club 1978). 
Such groups contend that even ~f coyote control 
programs were successfhl, it would increase over- 
grazing and ultimately decrease livestock produc- 
tivity (Defenders of Wildlife 1982). Their reasoning 
is that reduced coyote populations allow rodent and 
rabbit populations to increase, which in turn, will 
increase competition with livestock for available 
forage, decrease livestock productivity, and promote 
rangeland degradation. 
Ranchers have countered this argument by 
stating that coyote control has no effect on 
ecosystems. Coyotes are resilient; they respond to 
control efforts with gl-eater litter sizes (Knowlton 
1972). Therefore, coyote removal could never reach 
eradication levels which would affect the ecosystem 
Failure of ranchers to accept coyote predation as 
a natural process within a healthy ecosystem, and 
failure of environmentalists to realize that coyote 
predation can be an economic burden to some 
ranchers has polanzed these 2 groups (O'Gara 
1982). This dichotomy is detrimental to solving the 
issue of coyote control because efforts of each group 
are directed at countering the other group's opinion, 
rather than at a cooperative effort to solve this 
environmental pi-oblem 
Few studies have been designed to investigate 
the effects of coyote removal on the remaining 
ecosystem It is the objective of this paper to give a 
review of the literature concerning coyote-prey 
interactions and attempt to explain why I-esults from 
these studies appear ambiguous. 
Texas studies 
Beasom (1 974) conducted predator removal on 
the coastal plains of South Texas to deteimine the 
impact of predation on the productrvity of cel-tain 
game species. Two study areas, approxin~ately 
5,000 acres each and separated 5 miles apai-t, were 
used as predator removal and control sites, respec- 
tively Control elTorts included steel traps, M-44 
devices, toxic baits, and shooting each month from 
1 February - 30 June in 1971 and 1972. The 
intensity of removal effol-ts during 197 1 and 1972, 
respectively, for each method was 1 1,554 and 
15,892 steel h-ap-nights, 7,400 and 5,433 M-44 set- 
nights; 5,500 and 6,500 toxic bait-nights; and 200 
and 50 man-houi-s of hunting. 
Predator ti-ack count transects were used to 
measure the effectiveness of predator removal 
efforts. A total of 129 and 59 coyotes, and 66 and 
54 bobcats (Lynx ~ufi,s) were removed during 197 1 
and 1972, respectively. Beasom (1974) indrcated 
that predator numbers were similar on both areas 
pr-ior to removal efforts. Then predator abundance 
decreased on the removal site after a few months of 
control, reached a trough in June, and increased once 
removal efforts ceased. 
White-tailed deer counts indicated a fawn:doe 
ratio of 0.47 and 0.12 for predator removal and 
control sites, respectively, during 197 1, and 0.82 
and 0.32 for predator removal and control sites, 
respectively, during 1972. Similar increases in 
productivity wese observed with Northern bobwhites 
(Colinus virgil~ianus) and turkey (Meleagrrs gallo- 
pavo). Significantly greater reproductive success 
was observed on the area where predator removal 
was conducted. 
Beasom (1974) also indicated a decline in 
fawn:doe and pou1t:hen ratios with increasing 
distance from the removal area He  concluded that 
populations of certain game species could be 
increased with intensive predator control efforts 
However, bobwhite numbers, as well as rodent 
populations, were unaffected by predator removal. 
Beasom et al. (unpubl data) later reexamined the 
effect of coyote removal on white-tailed deer and 
detelmined that, even though fawn productivity was 
increased on areas with predator control, white- 
tailed deer densities and suivival of deer >3 months 
of age were unaffected 
Guthety (1977) and Guthery and Beasom 
(1977) investigated the effects of mammalian 
pr-edator removal on population trends of various 
wildlife species in South Texas Their study design 
involved 2 areas each about 10,000 acres in size. 
One area reccr\led monthly predator control from 
Januuy-July, 1975 and 1976, the other area was left 
Intact as a contsol The two areas were separated by 
a linear distance of 2.5 miles. 
Gutheiy and Beasom (1977) employed an 
intensive control effort which included 4,042 and 
2,811 leghold trap-days, 10,873 and 8,563 snare- 
days, 7,273 and 1,120 M-44-days, 6.2 and 0 hours 
of calling, and 1 1 and 0.5 hours of helicopter 
gunning during 1975 and 1976, respectively. They 
removed 69 and 63 coyotes, 1 1  and 7 bobcats, 10 
and 5 raccoons (P~.ocyon lotor), 1'1 and 1 1 striped 
skunks (A4epllitrs ~lepllitis), 7 and 5 badgers 
(Taxrdea tasus), 24 and 3 opossums (Didelphis 
~navsi~pialis), and 0 and 1 gray fox (Urocyon 
cine?eoargenteus) in 1975 and 1976, respectively. 
Guthery (1977) monitored scat counts as a 
measure of predator I-emoval success and suggested 
that this level of control, after a few months, 
suppressed predator population levels on the 
removal areas by as much as 70%. Guthery (1 977) 
and Guthery and Beasom (1977) suggested that 
predator control had no detectable influence on 
population trends of bobwhite and scaled 
(Callipepla sgualrrata) quail, cottontail rabbits 
(Sylvilagus j7orrdaniis), cotton rats (Sigmodon 
hispidus), and woodrats (Neotonra micropus). 
However, they did note that white-tailed deer fawn 
production was 70% and 43% greater on the 
predator removal site than on the control site during 
1975 and 1976, respectively. 
They concluded that short-term, intens~ve 
predator removal was not detrimental to the South 
Texas ecosystem. Microherbivore populations did 
not increase to cause overuse of range forage while 
white-tailed deer production improved. 
Definitive l-esear-ch concerning the effects of 
coyote control on white-tailed deer populations was 
conducted on the Welder Wildlrfe Refuge during 
1972-80 (Teer et al. 199 1) A 1,000-acre pasture 
was enclosed w ~ t h  a mesh net-wire fence extending 
6 feet above gsound and a 12-inch "apron" buried 
below ground level to exclude coyotes. The apron 
was bwed  perpendicular to the bottom of the fence 
to prevent coyotes from digging underneath and 
gainrng access to the pastui-e. The top of the fence 
was equipped with an electr-ically charged wire to 
discourage coyotes from climbing the fence. Deer 
were capable of crossing the perimeter fence and 
cattle were stocked inside the enclosed pastur-e at the 
same rate as outside to avoid any bias fi-om 
differential livestock grazing. 
Coyotes were I-emoved fi-om the enclosure by 
leghold traps, snares, M-44s, and aerial and ground 
shootrng. Initially, 5 coyotes were removed from the 
enclosure, 10 others were taken as soon as their 
presence was detected over the next 2 years. 
Therefore, estimated coyote density prror to the 
removal effort was 2.0 coyotes per square mile, 
comparable to Andelt's (1 985) earlier estimate for 
the same area. 
Wte-tailed deer fawn swvival was 30% higher 
in the enclosure compared to the rest of the refuge 
The density of wh~te-tailed deer increased in the 
enclosure during the next 5 years, but declined 
shasply ther-eafier when the food supply was reduced 
and parasite loads increased. Deer within the 
enclosure consumed diets lower in crude protein 
levels, higher in calcium, and with higher cal- 
ciurn/phosphorus ratios than deer outside the 
enclosure Deer herd "health" within the enclosure 
recovered as the food supply returned to previous 
levels. Teer et al (1991) concluded that coyote 
predation can be an rmportant factor in white-tailed 
deer herd stabrlity. 
A 3-year study in western Texas assessed the 
effects of coyote removal on semr-arid, short-grass 
ecosystems (Henke 1 992). Four 12,000-acre study 
sites with similar soil and vegetation composition 
were assessed seasonally for 1 year prior to coyote 
removal and for 2 years after the initial removal 
effort. All srtes were similar in coyote abundance, 
rodent richness, drversrty, density, and bromass, and 
lagomor-ph densities during each season prior to 
coyote removal. 
Aerial gunning fi-om a helicopter and ground 
callrng were used to remove coyotes from 2 
I-andornly-selected study sites every 3 months for 2 
successrve years. Intensity of removal efforts per 
season was 27 helicopter hours and 25 man-hours of 
hunting. Linear d~stance between coyote removal 
and non-removal areas was 12 miles Coyotes also 
were removed from a 3-mile buffer zone sur- 
roundmg each site Animal abundance and densities 
were assessed from the center of the removal and 
non-removal areas. 
A total of 328 coyotes was removed during 
April, 1990 - Januay, 1992. Coyote abundance was 
reduced by 48% on the removal areas, as estimated 
fiom scent station lines, vocalization rates, and scat 
transect counts. After 9 months of removal effort, 
rodent specres richness and diver-srty declined on 
I-emoval ar-eas, while rodent denslty and biomass, 
percent of kangaroo rats (Dipodbniys ovdii) wrthin 
the rodent populatron, and black-tailed jackrabbit 
(Leplrs callfornrcus) densrty increased on the 
removal a-eas Abundance and density of specres on 
the non-removal areas remained fairly stable 
throughout the study. Cottontail rabbit density, and 
raptor richness, divasity, and density were relatively 
unafkcted by coyote removal 
Henke (1992) belreved that kangaroo rat 
populations inupted on coyote removal areas Thrs 
appeased to create intense competition among the 12 
species of r-odents found in the area, and eventually 
lead to the exclusion of the other rodent species from 
the area. Henke (1992) also noted that coyote 
removal appeared to cause a 320% increase in 
jackrabbit density and suggested that altered 
jackrabbit behavior due to a lack of coyote predation 
risk could increase competition with livestock for 
available forage He speculated that such dramatic 
changes in the structural composition of the food 
web would lead to instability within the ecosystem. 
Utah studies 
Multiple studies have been conducted concem- 
ing coyote demographics in the Great Basin area of 
the westein United States (Clark 1972, Knudson 
1976, Davison 1980, Stoddart 1987). Although 
these studies did not intentionally remove coyotes to 
assess the effects of predator removal on the 
ecosystem, they have provided nearly 30 years of 
research conceining predator-prey interactions 
between coyotes and jackrabbits. 
Coyotes were considered the dominant cami- 
vore and black-tailed jackrabbits were the most 
abundant herbivore in this area (Wagner and 
Stoddal-t 1972). Clark (1 972) noted that the diet of 
coyotes from this region consisted mainly of 
jackrabbits, even when jackrabbit abundance 
experienced a decline Therefore, coyote densities 
appeared to respond to changes in jackrabbit 
abundance and, thus resembled the classical Lotka- 
Volterra predator-prey oscillations. 
Wagner and Stoddart (1972) suggested that 
coyote predation alone could not produce the 
observed oscillations because jackrabbits have a 
higher potential rate of increase than coyotes, and 
that other moi-tality sources such as disease, 
behavioral stress, etc. would be required to reduce 
jackrabbit abundance to the point where coyotes 
could again assume dominance over them. 
However, coyote predation did appear to be a major 
factor in the 1 I -year cyclical pattern of jackrabbit 
abundance. 
Knowiton and Stoddart (1 992) created a coyote- 
jackrabbit interaction model that mimicked field 
observations. Although they acknowledged that 
model output which resembles field obseilrations 
does not validate their model, it  stands to reason that 
the inferences they used to build the model were not 
implausible Researchers of these studies did not 
speculate about possible effects of reduced coyote 
predation on jackrabbit abundance; however, 
indications are that a reduction in coyote density 
would lead to an increase in jackrabbit abundance 
Conclusion 
Although the results of these studies appear 
ambiguous at first glance, differences in 
methodologies among studies can explain the 
various outcomes. The Texas studies which 
involved short-term (5 6 months) coyote removal 
programs did not note differences in rodent and 
lagomorph populations. However, those studies 
which consistently removed coyotes throughout the 
year began to realize population-level changes after 
a minimum of 9 months of coyote removal. 
Although white-tailed deer and bobwhite quail 
reproductive success increased with coyote removal, 
overall population densities for both species 
remained unchanged. This implies that a 
compensatory mortality mechanism is involved with 
these populations and that potential population 
increases of certain game species due to coyote 
removal are short-lived All studies indicated that 
coyote contl.01 caused an immigration of coyotes into 
the removal areas Coyote population densities 
retuined to pi-e-removal levels typically within 3 
months after removal efforts ceased 
Therefore, shoi-t-term coyote removal programs 
typically are not sufficient in reducing coyote density 
and, therefore do not alter ecosystem composition. 
However, intensive, long-term coyote removal has 
been successful in reducing coyote populations by 
over 40%, which has resulted in prey-base increases. 
The intended goals of coyote control need to be 
detelmined pi-ior to the onset of removal effoi-ts. If 
the management objective is to reduce livestock 
losses caused by coyotes, then an intensive, short- 
telm removal program may provide immediate rellef 
of depredation just before and after parturition. 
However, if the coyote removal is practiced year- 
round, microherbivore populations may potentially 
increase; increased competition for forage with 
livestock may result Consequently, a reduced 
stocking rate then may be required to offset 
competition, which may negate the number of 
livestock saved from predation 
If the goal is to increase the harvestable surplus 
of a game species, then it must first be determined 
that coyote control will increase the numbers of the 
target species. Next, can the additional animals be 
supported by the habitat? Finally, will predation as 
a mortality source be replaced with other mortality 
factors acting in a compensatory manner? Until 
these questions can be answered, then coyote 
removal would not be warranted. 
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THE COYOTE'S ROLE IN A RABIES EPIZOOTIC 
KEITH A. CLARK, Texas Department of Health, Zoonosis Control D~vision, 1 100 W. 49th Street, Aust~n, TX 
78756 
PAMELA J. WILSON, Texas Depar-tment of Health, Zoonosis Control Division, 1100 W. 49th Street, Austin, 
TX 78756 
Abstrad: In 1994, the canine rabies epizootic in South Texas was declared a state health emergency; a statewide 
rabies quarantine was enacted in 1995. Pr~or  to 1988, rabid coyotes (Canis latrans) were reported only 
infrequently in Texas. In 1988, Stan and Hidalgo Counties, located In extreme South Texas, experienced an 
epizootic of canine rabies resulting in 1 1 laboratory-confirmed cases of canine rabies in domestic dogs and 6 cases 
in coyotes. By 199 1, the epizootic had expanded approximately 100 miles north of the US-Mexico border and 
included 10 counties. During the next 3 % years, 10 additional counties became involved in the epizootic as it 
continued to move no~thwasd. There have been 644 cases of canine rabies documented in this 20-county area fsom 
1988-95. Antigenic and genetic analysis revealed the ecotype primarily affecting domestic dogs and coyotes in 
South Texas to be urban Mexican dog (UMD). The epizootic is approaching large metropolitan areas. An 
increase in vaccination levels of domestic animals would help provide a barrier between rabid wild animals and 
humans. 
Rabies, a fatal viral disease that is transmitted 
from an~mals to humans, has become a serious 
problem m Texas. A canine rabies epizootic (i.e., an 
epidemic in anlmals) began in 1988 in South Texas 
and has continued though June 1995. In July 1994, 
the ongoing rabies epizoot~c was declared a state 
health emel-gencp Subsequently, in Janua~y 1995, 
a statewide sables quarantine was enacted 
Between 1961 and 1988, only 25 rabid coyotes 
(Canis latrans) were reported in Texas. In 1988, 
however, a viral ecotype that had been confined to 
urban dogs became established in the coyote 
population along the US-Mexico border. This 
canine strain of rabies is readily transm~tted fsom 
coyotes to domestic dogs and, subsequently, between 
domestic dogs (Clark et al. 1994). The transmrssion 
capability of the vilus is pertinent from a public 
health standpoint because a sables outbreak 
involving domestic animals gseatly increases the 
chances for human exposure, as opposed to an 
outbreak that is ma~nta~ned strictly in a wild animal 
population. 
The first case was recorded in Stan. County, 
located in extreme South Texas. Adjacent Hidalgo 
County became involved by the end of 1988, and 
these were the only 2 active counties through 1990. 
In 1991, the epizootic expanded to include 8 
additional counties, followed by 4 more counties 
between 1992 and 1993 and an lncrease of 4 new 
counties in 1994. The no~lhward advance of the 
epizootic was now approximately 160 miles north of 
the US-Meslco border. During the first 6 months of 
1995, 2 other counties were included in the 
epizootic. By mid-1 995, the northeasterly movement 
of the epizootic had expanded to include 644 
laborato~y-confilmed cases of canine rabies in 20 
contiguous counties 
Methods 
Case repor-tfor~n Each case of animal rabies was 
investigated by Texas Department of Health (TDH) 
Zoonosis Control Division (ZCD) personnel. A 
standardized folm, the Zoonotic Incident Case 
Report (ZIR), was used statewide The form 
included date, location and description of the 
~ncident hat caused rabies to be suspected and the 
animal's medical history (if known), vaccination 
status, and any human or domestic animal contacts. 
The policy of the TDH is to test only animals that 
have potentially exposed a human or a domestic 
animal. Active surveillance IS not conducted 
routinely because an adequate sampling is provided 
under- this policy. 
Laborato~y procedures. Brain tissue specimens 
were tested for I-abies antigen by imrnuno- 
fluorescence n~icroscopy at the TDH Laboratory in 
Austin. Positive specimens were further tested with 
a panel of monoclonal antibody (MAB), each 
duected against a specific antigenic site on the rabies 
virus nucleocapsid and were evaluated by 
irnrnunofluorescence microscopy (Smith et al. 1986) 
Dflerences in nucleotide sequences were examined 
by polymerase chain reaction (PCR) techniques 
(Smith et al. 1984, Smith et al. 199 I). 
Monoclonal antibody and PCR procedures 
identified 3 ecotypes common in terrestrial animals 
in Texas, which were designated as Texas skunk, 
Texas fox (TF), and urban Mexican dog (UMD). 
Although the Texas skunk ecotype was distinguished 
using only MAE3 techniques, the TF and UMD 
ecotypes could not be different~ated by MAB. 
Polymerase cham reaction techniques were required 
on specimens that were classified, according to 
MAE3 results, as Texas foshlexican dog (TFMD) to 
deteimine if they were the TF or UMD ecotype. The 
TF ecotype was found In southwest Texas in gray 
foxes (Ut~ocvotr citiet~eoargentus) and animals 
infected by contact with gray foxes, and the UMD 
ecotype was found along the US-Mex~co border in 
dogs, coyotes, and animals infected by dogs and 
coyotes (Clark et al. 1994). 
Results and Discussion 
The Index case for the c a n e  rabies epizootic m 
South Texas occurred on 3 September 1988 in Stair 
County, which is located on the US-Mexico border 
A coyote that had fought with 2 vaccinated dogs was 
submitted for rabies testing and determined rabid by 
immunofluorescence microscopy. This was the first 
rabid tell-estl-ial animal reported In the area in 18 
years. Four weeks later, another rabid coyote was 
detected approx~mately 10 miles north of the index 
case. It was tested after it attacked 3 unvacclnated 
dogs. 
Two months after the index case, a rabid coyote 
was repolled near RIO Grande City, which is located 
on the US-Mexico border in south-central Starr 
County. Ths  coyote also fought wlth 3 unvaccinated 
dogs prior to being tested. Three weeks later, the 
frst rabid dogs in Stan- County were recorded, both 
fi-om the RIO Grande City area. By the end of 1988, 
there were 6 rabid coyotes and 2 rabid dogs reposted 
from Starr County. Hidalgo County, adjacent to 
Stair County, became involved in the epizootic on 
15 November 1988 when a 9-week-old dog was 
confiimed positive for rabies. This incident 
occun-ed 35 miles southeast of the index case and 
involved a dog that had been mauled 12 days earlier 
by a wild animal that was suspected to be a coyote. 
From mid-November through December 1988, there 
were 9 rabid dogs recorded in Hidalgo County. 
During the first 6 months of 1989, only 1 rabid 
coyote was reported from Starr County. However, 
from July through December, 15 rabid dogs (all 
fiom the Rio Grande City area), 4 rabid coyotes, and 
1 rabid raccoon (Procyon lotor) were detected in 
this county. Hidalgo County continued to have 
recorded cases of rabid dogs; 19 dogs, 1 coyote, 1 
domestlc cat, and I raccoon were confirmed rabid 
during 1989 In 1990, the localized Rio Grande City 
epizootic continued and involved 15 dogs, 3 cats, 
and 3 coyotes. Two of the dogs had a known attack 
by a coyote within a month prior to developing 
cllnical signs. In Roma, 15 miles upriver from Rio 
Grande City, 16 rabid dogs were reported. After 
state health department officials and local health 
professionals initiated aggressive rabies control 
measures, Hidalgo County had no reported rabies 
cases durlng 1990. 
In 1991, the canine rabies epizootic expanded 
approximately 100 miles nol-th of the US-Mexico 
border to include the following 10 counties: Brooks, 
Duval, Hidalgo, Jim Hogg, Jlm Wells, Kenedy, 
Klebei-g, Nueces, Stair, and Zapata. By the end of 
1991, there were 25 dogs, 42 coyotes, and a 
raccoon, cat, skunk (h4ephrtrs niephitrs), and cow 
contiimed rabid A human death attributable to 
canine rab~es also occurred in 1991. The patient, a 
55-year-old Stan- County woman, had no history of 
exposure, but laboratoly tests determined that she 
was infected with the canine strain of rabies virus. 
Webb and Willacy counties became active in 
1992, there were 41 rabid dogs, 70 rabid coyotes, 
and a rabid bobcat (Felis tufus), cat, cow, goat, 
horse, and raccoon reported fi-om the 12-county area. 
Cameron County, located in the southenunost tip of 
Texas, was included in the epizootic In May 1993 
when a raccoon with the canine strain of rabies was 
reported. La Salle County became the northernmost 
extension of the epizootic in November 1993. 
During 1993, positive rabies cases in the 14 South 
Texas counties included 42 dogs, 6'9 coyotes, 7 cats, 
4 raccoons, 1 cow and 1 bobcat. 
The northward movement continued in 1994 
wlth the addit~on of Live Oak and McMullen 
counties in March and Frio and Dirnm~t Counties In 
September, extending the epizootic approximately 
170 miles north of the US-Mexico border. 
Confirmed rabies cases for 1994 included 32 dogs, 
74 coyotes, 7 raccoons, 4 cows, 2 horses, 2 cats, and 
1 bobcat. Another human death attributable to 
canine rabies occurred in South Texas in 1994. The 
14-year-old Hidalgo County boy had no history of 
exposure, but the rabies virus was confirmed to be 
the UMD strain (Kelley et al. 1995). This second 
case of human rabies with the Texas canine strain of 
rabies virus emphasizes the fact that, because it 
involves the domestic dog population, the canine 
rabies epizootic is particularly dangerous to humans 
due to increased exposure rates. 
During the first 6 months of 1995, Zavala and 
Atascosa Counties were included in the leading 
northern front of the epizootic. Canine rabies cases 
from Janualy though June 1995 included 29 dogs, 
57 coyotes, 10 raccoons, 8 cows, 6 cats, 2 bobcats, 
and 1 hol-se From 1988 through June 1995, the 
epizootic encompassed 20 South Texas counties and 
644 label-atoiy-confilmed cases of canine rabies 
consisting of 245 dogs, 327 coyotes, 25 raccoons, 2 1 
cats, 15 cows, 5 bobcats, 4 horses, 1 goat, and 1 
skunk (Fig. 1) 
From 1989 though 1990, the number of rabid 
dogs reported in South Texas was greater than the 
number of rabid coyotes. In 1991, more rabid 
coyotes than rabid dogs were recorded per year; this 
trend has remained consistent through m ~ d -  1995. 
The shift in predominant rabid species may be 
attributed to increased vaccination levels in dogs 
initiated by increased public awareness and low-cost 
vaccination clinics In Stan County, clinics have 
been sponsored by the Texas Department of Health, 
the U.S. Army, Rhone Merieux, Inc., the Texas 
National Guard, and a local vetennary practitioner. 
Consequently, vaccination levels in Starr County 
dogs that were exposed to a known rabid animal 
increased fsom 18% in 1988 to 50% In 1994. 
Management Implications 
The northe~nmost ~dentified case of canlne 
rabies was within 25 miles south of San Antonio. 
Based on the average spread rate of the epizootic 
since 1988, it will reach t h ~ s  large metropolitan area 
by the end of 1995 i f ~ t  is not controlled As in many 
major cities in the United States, San Antonio has an 
urban coyote population, which combined with an 
est~mated 75% unvaccinated dog population in the 
area, foms an explosive combination for the canine 
rabies epizootic. 
To prevent the translocation of animals that play 
a critical role in the epidemiology of the canine 
rabies epizootic (and the gray fox rabies epizootic in 
west-central Texas) to unaffected portions of Texas 
or to other states/countries, a statewide rabies 
quarantine was enacted in Janua~y 1995 (Rules of 
the Board of Health, Rabies Control Act). The 
quarantine prevents movement within or out of 
Texas of any dogs, cats, or wolf-dog hybrids 3 
months of age or older for which a current, official 
rabies vaccination certificate cannot be produced, 
plus any coyotes, indigenous foxes, or raccoons. 
In addition, the Rabies Control Act was 
amended m May 1995 to proh~bit he transportation 
or sale (01- possession for purposes of transportation 
01- sale) of any dogs or cats 3 months of age or older 
for which a tun-ent, official rabies vaccination 
certificate or tag cannot be produced, plus any 
animals that are defined in the Rules of the Board of 
Health as high risk for transmitt~ng rabies (coyotes, 
foxes, raccoons, skunks, and bats). 
An increased vaccination level in pets and live- 
stock is very important for rabies prevention. 
Historically, human rabies cases declined when 
canine sables cases decreased because of increased 
vaccination rates, even though rabies cases in wild 
animals were elevated during the same time period. 
In the early 1950s, the number of U.S rabies cases 
m dogs and humans peaked. In the m ~ d -  1950s, dog 
and human rabies cases declined with the advent of 
highly effectrve rabies vaccine for dogs and 
maintained this lower level th-ough the early 1990s 
However, U S. rabies cases in wild animals peaked 
in the early 1960s, the late 1970s and early 1980s, 
and agaln rn the early 1990s. 
People do not commonly encounter rabid wild 
animals; but rabid pets and livestock can bring the 
disease into the home or ranch area. Rabid domestic 
animals are 5 (Clark 1988) to 10 (J.C. Mahlow, 
TDH, pers commun.) tunes more likely to come into 
contact with a human than are rabid wildlife. 
Vaccinated domest~c animals can break the rabies 
transmission cycle by creating a buffer zone between 
rabid wild animals and humans. It is also beneficial 
to decrease the number of stray animals and increase 
knowledge of bite avoidance techniques. To ensure 
these actions, rabies education for government 
employees, animal control officers, and the general 
public is essential. 
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Figure 1. Rabies cases In south Texas during a rabies epizootic, 1988-95. 
COYOTES: A MATTER OF PERSPECTIVE 
DALE ROLLINS, Associate Professor and Extension Wildlife Speclalist, Texas Agricultural Extension Service, 
7887 N. Hwy. 87, San Angelo, TX 76901 
Abstract: Predators and predator management in general are always controversial topics. As with most 
controversies, both ends of an emotional continuum vy for the attention of the nonvocal, uncomitted majority. To 
provide unbiased information on the controversy surrounding coyotes (Canis laft.ans) in Texas, the Texas 
Agricultural Extension Service produced a 23-minute video in 199 1. The video addresses both "sides" of the 
coyote "coin" while providing factual biological information on the topic. The video has been quite popular, and 
has received both state and national awards. 
The relative and absolute merlts of coyotes and 
coyote management w~l l  be cussed and discussed 
during t h ~ s  conference. As with most emotional 
debates, neither end of the emotional continuum is 
likely to change its position(s) significantly. 
However, both sides plead their case to the 80 
percent of so of Americans who comprise the non- 
aligned, nonvocal majority. Their voting power will 
ultimately decide the d~rection of coyote (i.e., 
predator) management. 
Educating this segment of society (i.e., largely 
urban, middle-aged and youth aud~ences) requires 
more innovation than the traditional Extension 
"factsheet." In 199 1 ,  the Texas Agricultural 
Extension Seivice (TAEX) produced the video "A 
Matter ofPerspectrveU as an attempt to educate both 
urban and iural audiences on the issues sunounding 
coyotes and their management in Texas. 
Vidco protluction 
From the outset, I decided that the message of 
the video should be unb~ased and be based on 
biological information, not simply rhetoric. 
However, when address~ng such emotional topics, 
one cannot, and probably should not, divorce 
emotion from the message entirely. Thus, my goal 
was for the completed video to have a foundation of 
science, but adequately embrace the emotion of both 
"ends" of the argument. 
Scr~pting for t h ~ s  video was a difficult task. I 
had my own personal biases to put aside Further, 
being stationed in San Angelo, the "sheep and goat 
capital" of Texas, and working with a predominantly 
agicultural clientele (i.e., sheep and goat ranchers), 
my w i n g  position was tenuous at times. I hoped to 
Incorporate not only the stat~stics of each argument 
(e.g., financial losses to coyotes), but to also provide 
the non-aligned viewer with the perspectives 
involved at each end of the continuum. 
"I,l'ller.e yo11 slatld on an issue uslrally depends upon 
wliere you sit." -- Ai~oilytrrous 
I knew that one side (the ranchers) would insist 
that I show video of a coyote attacking a lamb and 
sinlilar greusome scenes to d r~ve  home their premise 
that coyotes are bloodth~rsty, insatiable killers. 
Sim~larly, I knew the other side 
("enviro~unentalists") would argue that a coyote in a 
steel leghold trap should be seen, jerking violently 
while chewing at its restrained paw to demonstrate 
the perce~ved inhumaneness of some control 
practices. However, I chose to exclude such 
inflammato~y scenes that would do more to incite 
than educate the viewing audience If I could keep 
both "sides" equally upset, I figured that I was in just 
about the nght pos~t~on!  
Taping and production 
Once the script had been written and reviewed 
by at least five technical reviewers, it was time to b ~ d  
the project out for production. Bids for the project 
rangedfiom $9,000 to $27,500. The successful bid 
was from Texas Falm Bureau, so I arranged a 
plann~ng meeting with their video producer Mr. 
Gaiy Joiner Initially, I was concerned that the bid 
from Texas Farm Bureau was too low, and that the 
production would wind up as a "stuffy" corporate- 
type production that lacked the emotion that I 
wanted. However, after meehng with Mr Gary 
Joiner, TFB's video specialist, I was convinced that to sheep and goat ranchers. It has been especially 
he had the talent and where-with-all to make the interesting to gauge the responses from urban 
video what I had pictured in my mind viewers, who were the intended target of the video. 
We began the project only a limited amount of 
stock video of coyotes Therefore, we (Joiner, his 
cameraman Tab Patterson, and me) spent three days 
in Kent, Dickens, and Shackelford counties calling 
and videotaping coyotes in August 199 1. Despite 
the hot weather, we were able to get sufficient coyote 
footage, including some outstanding scenes of a 
coyote "challenging" me (the caller) at a distance of 
about 50 feet fi-om the camera. This scene is used at 
the opening sequence of the video. 
Once the field taping was completed, Joiner and 
Patterson began editing and producing the video. 
Now it was time to secure the nan-ator. From the 
outset, I had Mr. Rex Allen in mind for the nan-ator. 
My reasoning was that Rex Allen's voice offered 
instant recognition and credibility (per his 
experiences with Walt Disney nature films) to both 
rural and urban audiences. I was able to secure his 
telephone nuniber and contacted him directly, telling 
hlrn what the project entailed and ~ t s  pui-pose After 
some negotiations, he agreed to nal-sate the film, 
much to my elation 
Once completed, the total running t ~ m e  of the 
video was 23 minutes, about six minutes longer than 
what we had planned initially. However, Joiner and 
I agseed that the sto~y didn't really drag anywhere, so 
we decided to stay with the 23-minute length. 
Audience response 
Since 199 1 ,  the video has been shown to an 
estimated 40,000 Texans. Additionally, it has been 
broadcast on at least one national and one state cable 
TV progsam with potentla1 audiences of over 
400,000 viewers. Response to the v~deo has been 
exceptionally positive, even from those viewers at 
the f a  right and left of the coyote controvel-sy. The 
video was awarded the "Outstanding Marketing 
Video" fi-om the National Agr~cultural Marketing 
Assoc~ation in 1992, Outstanding Video Feature by 
the Texas Chapter, The Wildlife Society in 1992, 
and the Outstanding Comrni~nication in Wlldlife 
Damage Management by the Benyman Institute 
(Utah State Un~verslty) In 1994. 
I have personally shown the video to some 
3,000 viewers smce 1992, ranging from civic groups 
Indeed, sevesal analogies were used in the script 
itself to give an urban perspective on a very rural 
situatioin (i.e., predation). For example, in one 
instance a rancher describes his stock losses to 
coyotes as that of a burglar's vlctim. While urbanites 
are insulated from losses to predators, they can relate 
well to burglary and theft. Similarly, another scene 
relates the nuisance aspect of coyotes (a rural 
pmblem) to urban dwellers by showing dogs digging 
in garbage cans (an urban problem) 
Video as an educational fonnat does pose one 
problem relative to more traditional "slide talks" in 
that video projectors are uncommon, sometimes 
unwieldy, and expensive. A traditional TV (eg ,21  
inch scseen) and VCR can be used for small 
audiences (e.g., < 40 people), but a projector is 
needed for audiences > 100 viewers Likewise, a 
good audio system IS necessary to adequately 
address larger groups. However, given these 
caveats, a well thought out and visually appealing 
video can save as a vely effective ~nstructional tool. 
Conclusion 
I believe that "A Matter. of Pei.spectiveH has 
ach~eved its objective of providing unbiased 
information on an emot~onal, controversial topic of 
which there seems to be no shoitage in the wildlife 
management world. Other species/topics that I've 
considered doing a sequel on include mountain lions, 
endangered species, and hunting in general Copies 
of the video are available for $20 per copy from 
TAEX, 7887 N. Hwy. 87, San Angelo, TX 76901. 
I welcome any comments or criticisms from those 
viewing the video. 
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COYOTES IN THE ROLLING PLAINS OF TEXAS 
WYMAN P. MEINZER, JR., P 0. Box 195, Benjamin, TX 79505 
Abstract: Coyotes (Canis latrans) in the Rolling Plains region of Texas have experienced several factors in the 
last 40 years that may have possibly influenced population dynamics and feed~ng niche. The 3 most important 
changes were (a) the demand for coyote pelts during the 1970s, (b) a region-w~de growth of the stocker cattle 
indust~y and (c) the increasing incidence of sarcoptic mange. The availability of stocker cattle carcasses may be 
providing a source of dependable food during a previously stesshl period, thus inflating coyote survival and 
abundance superficially relative to traditional cow/calf ranching areas Sal-coptic mange has been present in 
Rolling Plains coyotes for about 10 years and appears to bc depressing the abundance of coyotes in this region. 
O v a  the last 40 years, the Rolling Plains coyote 
has experienced perhaps some of the most dramatic 
changes within its environment since the turn of the 
20th century. Since the inception of government- 
funded predator control shortly after the turn of the 
centu~y until 1965, coyote populations within most 
wunties in the Rolling Plains were harvested heavily 
by state- and county-funded animal damage control 
agents. Since 1965, many counties have discon- 
tinued concentrated control efforts, specifically the 
ranches around and In Knox county of which I am 
most familiar. With the except~on of pnvate hunt~ng 
efforts, and sport shooting from private aircraft, 
some areas of the Rolllng Plains exper~enced little to 
no control efforts for the nest 10 years 
For the first 4 01- 5 years after 1965, Knox 
County espe~ienced a progressive increase in coyote 
abundance on a 500,000-acre area of rangeland 
under my obse~vat~on. In about 1970, the 
population seemed to level off, with a large 
percentage of coyotes harvested for study showing 
an average age of about 4 years. 
According to interv~ews with old tlmers in the 
reglon, dluing this 5 or so year period, coyote hab~tat 
and food sources were consistent with those dating 
back about the last 40 years. 
Increased pelt demand 
in almost evely area in the region. 
Age-class data collected from about 1,000 
coyotes over a 5-year period suggested a significant 
drop in the Rolling Plains population density from 
1974. 
Stocker cattle industry 
Also in the mid 1970s, ranching practices in the 
Rolltng Plalns began a slo~v transition away from the 
historical cowlcalf operations. Winter grazing of 
stocker cattle on wheat pasture became popular and 
cost effect~ve, thus s~gnificantly reducing a ranching 
practice (i.e , cowlcalf enterprises) which had been 
this region's nolm since the late- 1800s. 
The h~stor~cal cow/calf operations had effec- 
tively on'ered the coyote a consistent environment for 
many decades throughout the Plains. Although the 
coyote was rarely a serious threat to livestock on the 
ranches subject to my observat~ons, it IS common 
knowledge to most students of coyote behavior that 
coyotes gravitate to cattle herds throughout the year. 
With many operations reducing their mother cow 
herds, and I-esting pastures until the fall stocking 
period, coyotes seemed to emlgrate away from those 
ranches maintain~ng the old cow/calf operations and 
onto the areas developing the new stocker 
operations. 
In 1974 a dramatic change occurred which, for With the decl~ne of hunting pressure from 
the remainder of the decade, would affect the Rolling pnvate fhr hunters in about 1980, population levels 
Plains coyotes' population dynamics significantly soon peaked, confilming t h ~ s  possible new trend in 
With the value of fur prices escalating thoughout coyote dispersal. Although coyotes continued to 
the entire state, for the first time in about a decade, mamtaln a visible presence around calving grounds, 
the Plains coyote again faced heavy harvest pressure by late- fall and early-winter, coyote abundance 
appeared to have increased dramatically on the 
ranches with stocker cattle. This phenomenon 
appears to parallel the activity of wolves in the last 
days of the buffalo slaughters in the late-19th 
centuly. With carcasses available at every turn, a 
supei5cially high population of wolves would 
congregate around the main killing grounds. 
On stocker cattle ranges, as many as 10,000 
head of cattle are placed on relatively small acreages 
of land. Thls stock density, coulped with an average 
death rate of about 2%, yields many tons of beef for 
coyotes during the inclement winter months. This 
appears to result in a superficially high concentration 
of coyotes throughout the winter season on 
rangeland which would previously have harbored a 
fraction of the number With almost all ranchers 
and farmers in the Pla~ns region now involved, to 
some degree, in the stocker program, it is plausible 
that the population dynamics of the Plains coyote has 
been affected greatly during the last 20 years. 
This change in the overall environment for the 
Plains coyote could be responsible for some 
unexplained phenomena which seem to be occurring 
presently. During the past decade, a significant 
increase in white-tailed deer (Odocoileus virgin- 
ianus) numbers has been observed in the Knox 
County region. My own personal observations seem 
to veilfy this as have interviews with game wardens 
and ranchers from throughout the region. It is con- 
ceivable that, with an almost inexhaustible meat 
supply (steer carcasses) available throughout a 
stressful time of the season, coyotes in this region 
may may be altering natural prey selection, e.g., 
white-tailed deer. 
Sarcoptic mange 
On the flip side, this "draw station" effect could 
be one reason why the Plains coyote has suffered so 
greatly during the past 9 years since the appearance 
of sarcoptic mange in north Texas. Dr. Dan Pence, 
Texas Tech University, informed me in the late- 
1970s that sarcoptic mange was spreading north- 
ward out of Mexico. He predicted its appearance in 
the Plains within a few years. I first observed mange 
in the Rolling Plains in 1986. 
From harvested animals and observing 
incidental cases, I estimated the mange incidence in 
1986 at 25% for coyotes in Knox county. It has 
increased steadily each year, and as of 1994, my 
estimate of incidence rate stands at about 80% With 
veiy little hunting pressure in the areas of my 
obselvations and fewer coyote sightings evident, 
mange seems to have reduced the overall coyote 
population in the Rolling Plains by as much as 50%. 
Congregating coyotes around cattle carcasses on 
ranches with stocker cattle could be of importance 
when considering the rapid spread of mange in north 
Texas. 
COYOTES: A SOUTH TEXAS PERSPECTIVE 
RICK L. SRAMEK, D~stnct  Supervisor, USDA-APHIS-ADC, Campus Box 2 18, Kingsville, TX 78363 
Abstract: Coyotes (Canis latrans) are abundant throughout Noith America, some of the highest densities occur 
in south Texas Most stud~es indicate abundance of food as a contribut~ng factor of coyote density. High coyote 
populations can lead to localized depredation problems and the current canine rabies ep~zootic is of concern to 
residents of south Texas 
The coyote was 1 of the native inhabitants of 
Texas when it was first settled by European settlers. 
It has survived and expanded ~ t s  range despite 
control attempts that have surpassed those for any 
species in North America. For decades, coyotes 
have been killed by stockmen and ranchers because 
of the~t- depredat~on on domestic livestock. Their 
adaptabil~ty is the main reason they flourished. 
Coyotes are now found In all of the continental 
United States 
Coyote dcnsitics 
The coyote IS probably the most extensively 
studied ca~ ivor ,  and cons~derable research has been 
conducted on the species' population dynam~cs. 
Since estimates were begun In 1965 (Knowlton 
1972, Bean 198 I), the peatest abundance of coyotes 
m North An~enca cons~stentl~ occurs in the southein 
region of 'Texas. Most studles of the factors limiting 
coyote populations have identified food as the 
predominant constl-ant (McLean, 1934; Murie, 
1940; Robinson, 1956; G~er ,  1968; Clark, 1972). 
S ~ n c e  the abundance of coyotes is related to 
abundance of winter foods, one would expect coyote 
densities to increase from noith to south as food 
supplies become more available. 
Limited stud~es of absolute densities for coyotes 
are available A breed~ng population of 2 0 coyotes1 
mi2 in a 6-county area of Kansas was estimated by 
Gier (1 968). Clark (1 972) estimated post-whelping 
season densities In Curley Valley, Utah, at 1 coyote 
per 2-4 mi2 Andelt (1985) estimated that pre- 
whelping coyote densities on the Weldei- Wildlife 
Refuge in southelm Texas were 2.1 -2.3/mi2. 
Studies conducted by Knowlton (1 972) suggest 
coyote densities In certain areas of south Texas may 
average 4-6/mi2, with 0.5- I O1m1~ seemingly realistic 
over a large portion of then range. High 
coyote densities in the region are associated with a 
broad food base as evidenced by dietary studies. 
Coyotes m south Texas feed on a variety of native 
fruit and insects during the lengthy warm season, 
then shift their d~ets to mammalian prey during the 
winter months. 
Coyotes are most vulnerable to natural and 
human-caused mo~ial~ty during their first year. Most 
studies show a co~~elation between coyote mortality 
and human exploi~ation. In south Texas, human 
exploitation of coyotes has been light because 
control efforts for livestock pi-otection are limited, 
with no significant sport hunting or trapping 
I-lurnan act~vity still accounted for 57% of all coyote 
mortal~ty (Windberg et al. 1985) Shooting, 
trapping, and road fatallties were the most common 
cause of mortality A much smaller percentage 
apparently succumb to other causes such as disease 
and malnutritiol~ 
Coyote dicts 
Diet-wise, the coyote is an extremely versatile 
scavenger and predator (Mune 1939, Speny 194 1, 
Gier 1975). Unlike the wolf, which is a predator 
almost exclusively of ungulates (Mech, 1970; 
Plrnlott, 1975), the oppo~tunistic character of coyote 
feed~ng is likely most responsible for its great 
success In the face of habitat man~pulation and 
dcstruct~on by man (Hilton 1978). 
The abundance and availability of food affect 
both coyote density and reproduction. Fluctuations 
in coyote abundance have been related to abundance 
of rodents (Knowlton 1972), cal-rion (Todd and 
Ke~th 1983, Todd 1985), and black-tailed jack- 
rabbits (Lep~is caiifbr-nicus) (Clark 1972, Gross et 
al 1974, Knudsen 1976, Stoddart 1977) and to 
social intolerance mediated by food supplies 
(Knowlton 1983). 
In southern Texas, the coyote food base is broad 
and abundant, and coyotes attain high densities 
(Andelt 1985, Bean 1981, Knowlton 1972, 
Knowlton et al. 1986). Based on dietary studies in 
the region, coyotes ate primarily mammalian prey in 
winter, and fed mainly on a variety of fiuit, insects, 
and wh~te-tailed deer (Orlocoileus virginranus) 
fawns as available during the walm season (Andelt 
1985, Andelt et al. 1987, Brown 1977, Knowlton 
1964). Coyotes are known for their pa~ticular 
fondness of wate~melons and cantaloupes and will 
readily seek them as a food source. 
Andelt (1 985) found that mammals composed 
87% of the winter and 28% of the summer diet on 
the Welder Wildlife Refuge in south Texas. Fruits, 
including persimmon (Diospyros texana), agarito 
(kfahonla h.ifo/iata), dewbeny (Rubus trivialis) and 
pricklypeas cactus (Op~intla lindheinreri) composed 
65% of the sununer d~et,  but only 1% of the winter 
diet. White-tailed dees composed a large percentage 
of the diet in June, coinciding with births of fawns. 
Lagomorphs, rodents (cotton rats, pocket gophers, 
harvest mice, and woodrats), and cattle appeared in 
coyote diets primarily during the winter. Insects, 
mostly grasshoppers, occuned in the diet primarily 
in late summer. 
In summay, coyotes consume a variety of foods 
year-round but emphas~ze small mammals, fawns, 
plants and asso~ted bnds and invertebrates during 
summer. Wintel- diet emphas~zes larger items such 
as deer (either prey or call-ion), livestock call-ion, or 
locally abundant lagomo~ph species (Voigt 1987, 
Berg, 1987) 
Damage caused by coyotes 
Coyote depredation to livestock and poultry has 
been reposted fsom all counties of south Texas. 
Numerous exotlc game ranches have requested 
assistance from the Texas An~mal Damage Control 
Service after axis dees (A.xis axis) , blackbuck 
antelope (Arrtelopa cervicapr-a) and other exotic 
animals were reportedly killed by coyotes. Severity 
of individual losses range fsom light to extremely 
high levels. Sheep and goat ranches located in Jim 
Wells, Live Oak, and Bee counties have also 
experienced losses contributed to coyotes. 
Stud~es reveal that fawns compose a large 
percentage of the coyote's summer diet. South Texas 
is known for its substantial trophy white-tailed deer 
population and subsequently, the high dollar figure 
demanded for prime deer hunting leases. One 
component of the ADC program is the protection of 
this species. The overall impact of coyotes on deer 
populations is unknown; however, fawn survival 
increased after coyote control programs were 
~mplemented in south Texas (Beasom 1974). 
A common concern to ind~vidual producers in 
Jim Wells, Duval, Brooks, Starr, Hidalgo, and 
Cameron counties is coyote damage to watermelon 
and cantaloupe crops. During early-spring and fall 
plantmgs, coyotes and other carnivores are attracted 
to ripe wate~melons as a food source and can cause 
considerable damage. In some areas, coyotes and 
other species disrupt irrigation by chewing holes in 
plastic pipe 
A unique project to south Texas is the removal 
of coyotes and other predators from the spoil islands 
of the Padse Island National Seashore where colonial 
water birds traditionally nest At the request of the 
Texas Pruks and W~ldlife Depaitment, this project is 
carried out to improve surv~val I-ates of ground 
nesting birds and their young. In the past, TADCS 
personnel have initiated control efforts on 10 
sepal-ate islands where coyote sign had been found 
A spokesman for the Padse Island National Seashore 
states that as a result of these control efforts, 1993 
was the first time in the last several years that birds 
had nested on 2 pait~cular islands which in the past 
were scarce of birds. 
Rabies in South Texas 
It would be dlflicult to mention coyotes without 
d~scussing the curent rabies outbreak in south Texas 
involving the canine strain of rabies virus Canine 
r ab~es  is a strain of rabies v i~us  that has become 
established in coyotes and is readily transmitted from 
coyotes to domest~c dogs and, subsequently, between 
domest~c dogs Because it often ~nfects domestic 
dogs, this rabies strain poses a greater r ~ s k  for 
human exposure. 
Since September 1988, 20 counties in South 
Texas have become involved in the canlne rabies 
epizootic: Atascosa, Brooks, Cameron, Dimmit, 
Duval, Flio, Kdalgo, Jim Hogg, Jim Wells, Kenedy, 
Kleberg, La Salle, Live Oak, McMullen, Nueces, 
Stm, Webb, W~llacy, Zapata, and Zavala A total of 
638 animal I-abies cases and 2 human rabies cases 
assoc~ated with the canine strain of rabies occurred 
during that time period. The animal rabies cases 
included 322 coyotes, 244 dogs, 25 raccoons 
(Procyon lotor), 2 1 cats, 15 cattle, 5 bobcats (Lynx 
rufus), 4 horses, 1 skunk (Mephitis nrephitis), and 1 
goat (Table I). The outbreak has reached epidemic 
proportions, prompting Governor Ann Richards to 
declare the rabies outbreak in South Texas a State 
Health Emergency in July 1994. 
In an effort to contain the rabies epidemic, the 
Texas Department of Health has declared an Area 
Rabies Quasantine for all of Texas effective January 
1 3, 1995. Under this quarantine no person shall 
remove fi-om or ti-anspor-t within the quarantine area 
any dog or cat over the age of 3 months without a 
clurent rabies vaccination certificate for the duration 
of the quarantine Also included in this list are 
hybrids (any offsprrng of 2 animals of different 
species), skunks, bats (Chircptera), foxes (Urocyon 
spp., Vzllpes vrrlpes), coyotes, or raccoons 
In February 1995, 850,000 dog-food-based 
baits filled with an oral rabies vaccine were air- 
hopped over a 15,000 mi2 area of south Texas in an 
effoi-t to stop the northern spl-ead of the epizootic. 
This project was made possible by a cooperative 
agreement between USDA-APHIS-ADC and the 
Texas Department of Health. Additional drops are 
planned for January 1996. The canine rabies virus 
remains a public health th-eat. 
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Table 1. Spccies involved in a canine rabies epizootic in south Texas, 1988-1995. 
COUNTY COYOTES DOGS OTHER* TOTAL 
Atascosa 4 2 1 7 
Brooks 47 14 4 65 
Cameron 3 3 
Dimmit 2 1 3 
Duval 18 2 1 8 47 
Fri o 7 3 2 12 
Hidalgo 5 60 8 73 
Jim Hogg 26 12 5 43 
Jim Wells 3 1 15 I I 5 7 
Kenedy 12 1 2 15 
Kleberg 24 20 6 50 
La Salle 16 5 2 2 3 
Live Oak 22 2 6 3 0 
Nueces 7 1 8 
Webb 45 5 3 5 3 
Willacy 5 2 7 
Zavala 1 1 2 
TOTALS 322 244 7 2 638 
*Others - raccoon, cat, cattle, bobcat, horse, skunk, andgoat. 
THE RE-ESTABLISHMENT OF THE COYOTE IN THE EDWARDS 
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Abstract: In the early 1900s organized predator control was initiated to remove coyotes (Can~s  latrans) and 
wolves (C. hrpzrs and C. ngus) from the sheep and goat producing areas of Texas. Operations were begun in the 
Edwards Plateau, the largest area of sheep concentration. By the 1920s, many of the inner Edwards Plateau 
count~es were cons~dered to be almost fiee of coyotes and wolves In the 1950s coyotes and wolves were extirpated 
from most of the Edwards Plateau After a coyote populat~on inuption in the early 1960s, coyotes began to 
re-establish themselves on the periphery of the Plateau. This encroachment process has accelerated in the 1990s 
and thus continues to expose more sheep and goats to predation by coyotes. 
In the early 1900s, organized predator control 
was initiated to remove coyotes and wolves from the 
sheep and goat producing areas of Texas 
Operations were begun in the Edwards Plateau, the 
largest area of sheep concentration. The Edwards 
Plateau and, to a lesser extent, portions of other 
adjoining ecological areas presently (1 995) account 
for 19% (1.7 million head) of the sheep and 90% 
(1.95 million head) of the goats in the Un~ted States 
(USDA 1995) (Fig. I). The Edwards Plateau itself 
encompasses about 24 million acres of "Hill 
Count~y" in west-central Texas, comprising all or 
portions of 37 counties (Fig. 2). By the 1920s, many 
of the interioi- Edwards Plateau counties were 
considered to be practically fsee of coyotes and 
~volves. 
In 1950, these were 33 counties covering nearly 
24 million acres which were considered to be coyote 
fi-ee (Fig. 3) This area remained vistually void of 
coyotes for several decades until their encroachment 
began in the 1960s. T h ~ s  process has been 
described by several authors (Caroline 1973, 
Shelton and Klindt 1974, Hawthorne 1980, Nunley 
1985). The purpose of this paper is to review and 
update the pi-ogi-ess of the re-establishment of 
coyotes into the Edwards Plateau of Texas. This 
area is historically and currently unique because of 
its unswpassed intensive level of coyote control over 
such an extensive area 
Organized predator control 
The predecessors of what is now known as the 
cooperative Texas Antmal Damage Control Program 
have been involved in providing predatory animal 
control selvlces for the last 80 years. This 
cooperative wildl~fe damage management agency is 
compr~sed of the Animal Damage Control Program 
of USDA's Animal and Plant Health Inspection 
Seivice, the Texas Animal Damage Control Service 
of the Texas A&M University System, and the Texas 
Animal Damage Control Association. 
One of the functions of the cooperative program 
is to conduct direct control operations for the 
protection of sheep and goats from depredat~on by 
coyotes and other predators Historically, the 
program's primaiy control strategy has been to 
attempt to prevent the infiltrat~on of coyotes into the 
major shecp and goat production areas 
Extirpation of coyotes 
The coyote and wolf take by county of the 
orgamed control PI-ogam dunng fiscal year 1950 is 
reflected m Fig. 4 (Landon 1950) This categorized 
illustration of the number of animals taken per 
county provides a relatively representative picture of 
the re-establishment of coyotes into the Edwards 
Plateau when examined eveiy tenth year. Those 
countles within the shccp and goat production areas 
which indicate no "take", either had no progsam or 
had a progi-am and did not take any coyotes. In 
either case, this usually indicated that few coyotes, if 
any, were present in those counties at that time. 
In the predatoiy animal control agency's 1958 
m u a l  repolt, the status of coyotes and wolves in the 
Edwards Plateau in the 1950s was reported as 
1 dot = 1.000 head 
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Figure 1 .  Distribution of sheep and goat numbers in Texas (Texas Crop and Livestock Reporting Service 1994). 
Figure 2 Texas ecological regions (F W. Gould, Texas Plants, 1969 revised). 
follows (Landon 1958): 
In those couiitres wl1et.e the sheep and goat 
industry is a ~trajo?. irtrportatice the coyotes have 
been practically eradicated, and they were well 
under control even in the border counties. The 
gray or lobo wolf is izo longer found in Texas. The 
Texas red wolf of central and east Texas is no 
longer nunrerous where the hog, turkey and cattle 
raisers show ttruch nror.e interest rn control than 
fornrerly. 
Caroline (1 973) cited several reasons why this 
early control work in the Edwards Plateau was 
successful: 
(1) the wild can~d population contained a large 
proportion of red wolves or hybrids which 
were relatively easy to capture; 
(2) many ranchers participated with profess~onal 
ADC staff; 
(3) the increased use of net wire fencing; 
(4) many ranchers kept hounds to remove coyotes; 
(5) economic incent~ves to ranchers; and 
(6)  estenslve use of traps 
Shelton and Klindt (1 974) suggested that the 
success of early control work resulted from a 
"massive human effort using all of the tools and 
techniques which could be brought to bear." 
In 1960, 1 18 coyotes were taken from w~thin 
the fo~mer coyote-free area. Nearly 3 1,000 coyotes 
were taken from throughout the coyote's I-ange In 
Texas during that same year, double the amount 
taken in 1958. This vely conspicuous upswing in 
coyote take was In response to the drought-breaking 
rains of the late 1950s. Th~s  increase was even more 
evident when an unprecedented 3 4,754 coyotes were 
taken in 1962. The relat~ve intensity and d~stribution 
of the coyote and wolf take by the organized control 
program dur~ng FY 1960 is reflected in Figure 5 
(Caroline 1960). Thus, with the breaking of what 
was commonly called the "7 year drought" , the 
re-establishment of the coyote in the Edwards 
Plateau was unde~way In the early 1960s 
In 1970, 420 coyotes were taken from within 
the fo~ma-ly coyote-free area, and the distribution of 
coyotes within the Edwards Plateau continued to 
expand (Carolme 1970) (Fig. 6). In 1972, the use 
of chemical tox~cants for predator control such as 
sbychnine and Compound 1080 (sodium mono- 
fluroacetate) were canceled by EPA. The use of 
Compound 1080 on the periphery of the major sheep 
and goat product~on areas was employed 
successllly to prevent the infiltration of coyotes into 
these regions The protection of sheep and goats 
&om predators has since been limited to more labor- 
intensive control tools, including traps, snares, 
shooting, calling, aerial hunting and M-44 devices 
utilizing sodium cyanide. 
Caroline (1973) described the status of the 
coyote w~thin the Edwards Plateau in 1973 as 
follows. 
In 1950, coyotes weve a rarity in the heart of 
tlre Hrll Corintiy. Oti occasioti, a single atiitt~al 
wotrld appear rn the wester-11 part of the area but it 
was soot7 verrroved. illorig the South PaciJic tracks 
west of Satr Atrtotrio ranchers to the north were 
ititet.ested in control south of tlre tracks, and for 
rtraty,vears this was stdjcieiit. However, when the 
severe dr.ought of the 1950s cattre to at? end, and 
after rrrarry raticlrers cleared off their cedars and 
established rrrore water.rtigs, coyotes began to move 
in. Altlro~cgh ttruclr land irrrproverrrent took place, 
"wolf-pt.ooJr fences were allowed to deteriorate. 
Coyotes corrld etrtet. atry pasture. (This IS  an 
irrrpot.tatrt part becarise r.ertroval of the wolves was 
hayh ie  to fetrcrng atid half to organrzed control). 
For sonre tirrre 1i1ei.e was no one who recogtiized 
this fact. Losses werv light arid what were found 
Itbere us~tally attr.ihuted to bobcats, foxes, and 
raccoons Bv the trnre it was known that coyotes 
were pt.esetrt, tl7et.e were far. rtrotae of thertr than 
ar~yorre xpected Conseqlieritly, today atrd in some 
cases as late as /irrs,vear; there are coyotes in every 
fot.trrer.!v coyote-frve county in the heart of sheep 
atid goat country. 
The re-establishment of coyotes within the 
Edwards Plateau had further progressed by 1980 
(Fig. 7) (Hawthorne 1980) A total of 637 coyotes 
was taken from w~thin the fo~mer  coyote-free area. 
This continued encroachment of coyotes into the 
sheep and goat production areas had become a 
serlous concern. In 1981, a request for the 
emergency use of Compound 1080 bait stations as 
per Section 18 of FIFRA was prepared and 
submitted to EPA for consideration (Nunley 1981). 
The request was eventually denied by EPA after a 
lengthy administrative hearings process. 
Present status of coyotes 
In 1990, 2,168 coyotes were taken from within 
the folmer coyote-fi-ee area and the predators further 
ingressed into the Edwards Plateau (Nunley 1990) 
(Fig. 8). In 1994, coyote activity within this area 
continued to increase as reflected by the take of 
2,594 coyotes (Fig. 9). Also, in 1994 the 
cooperative program worked on 7,552,000 acres 
from w i t h  the former coyote-free area. This was a 
64% increase over the acreage worked in 1984. 
There was a corresponding increase from 1.5 million 
to 2.2 million sheep and goats protected in 1984 
versus 1993. 
The primary reason behind this surge in control 
effort is related to the increasing exposure of 
additional livestock to coyote predation. This 
exposure is directly related to the relative degree and 
geographical distribution of the coyote's movement 
into the Edwards Plateau. This can be hither 
illustrated by the graduated average coyote take for 
every 10 square miles worked within each county 
(Fig. 10). 
Factors responsible for coyote re-establishment 
The range expansion of coyotes within the 
Edwards Plateau is directly related to the presence, 
viability, and geographical distribution of the sheep 
and goat industry. Gee et al. (1 977) surveyed former 
sheep producers in Colorado, Texas, Utah, and 
Wyoming who had terminated sheep production. 
Factors which they rated of greatest importance in 
their decisions to discontinue sheep production were 
high predation losses, low lamb and wool prices, 
shortage of good hired labor, the sale of their land, 
and their own age. The sheep and goat industly is 
also now faced with the loss of the wool and mohair 
incentive program which will eliminate some 
additional producers. 
A major factor for declining sheep and goat 
production on the eastern periphely of the Edwards 
Plateau has been the changing land use away from 
sheep and goat production. This occurs through the 
sale of properties due to economic pressures, 
especially near urban centers and recreational areas. 
It often follows that the new land managers or 
absentee landowners do not pasture sheep or goats. 
Further, they often do not engage in, or in many 
cases even allow, coyote control activities on their 
properties. Consequently, sheep and goat producers 
who border, or are surrounded by properties where 
coyote control is not conducted, bear the brunt of the 
coyote's tendency to depredate sheep and goats. 
These producers on the fringe of the sheep and goat 
production area find that it especially difficult to 
control losses to predators on their ranges (Nunley 
1995). 
Predation losses due to the limitations and cost 
of the application of current predator control 
techques have also contributed to the decline in the 
number of sheep and goats in Texas. The loss of 
toxicants in 1972 greatly reduced the efficiency and 
effectiveness of coyote control over large areas. 
Prognosis 
In their discussion of eradication or control for 
vertebrate pests, Bomford and O'Brien (1995) 
provided 6 criteria to detelmine whether eradication 
is prefen-ed over continuing control. Since there was 
no end point to control, the historical events in the 
Edward Plateau do not meet their specific definition 
of eradication. However, the criteria are still 
important when attempting to extirpate coyotes from 
a given area, thus allowing control efforts to 
concentrate on the area's periphery to prevent 
infiltration. 
These essential criteria include (1) rate of 
removal exceeds rate of increase at all population 
densities, (2) immigration is prevented, (3) all 
reproductive animals must be at risk, (4) animals 
must be detected at low densities, (5) discounted 
benefit-cost analysis favors eradication over control 
and (6) suitable socio-political environment 
~ncluding access to private property. Bomford and 
O'Brien (1 995) indicate that a negative in any 1 of 
the fu-st 3 criteria will doom an eradication attempt; 
a negative in criteria 4-6 will greatly reduce the 
feasibility and desirability of eradication 
Considering the difficulties in achieving all of these 
criteria, it is likely that the re-establishment of 
coyotes within the Edwards Plateau will continue. 
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Figure 3. Coyote-free counties in 1950 (about 24 million acres) 
Figure 4 Coyote and wolf take of the cooperative animal damage control program in 1950 
61 
Figure 5 Coyote and wolf take of the cooperative animal damage control program in 1960 
Figure 6. Coyote and wolf take of the cooperative animal damage control program in 1970. 
Figure 7. Coyote take of the cooperative animal damage control program in 1980 
Figure 8. Coyote take of the cooperative animal damage conti-ol program in 1990 
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Figure 9. Trend in number of coyotes taken within the foimer coyote-fiee ai-ea shown in Fig. 3 
Figure 10. Coyotes taken per 10 square miles worked by cooperative animal damage control program, 1994. 
COYOTES IN URBAN AREAS: A STATUS REPORT 
JANE. LOVEN, District Supervisor, Texas Animal Damage Control Sel-vice, Ft. Worth, TX 
Abskact: Coyotes (Canis latrans) occur within the city limits of most urban areas in Texas, and the Incidence of 
human X coyote interactions appears to be increasing in recent years. The major damage caused by coyotes in 
urban areas has been depredation on pets (primarily) and to other animals (e.g., ducks). Direct control of such 
problem coyotes is often hampered by city/state regulations and/or conceln from local officials about negative 
publicity. 
Coyotes are well known for their adaptability 
and probably have been in urban areas of Texas 
since settlement of the state began. An increase in 
the number of complaints received by ofices of the 
Texas Animal Damage Control Service (TADCS) 
has occurred during the last 5 years. This increase 
has been especially notewol-thy withln the last 3 
years. Coyotes, like many specles, not only adapt, 
but thrive in the presence of man. Unlimited 
amounts of food, wata-, and shelter, accompany most 
urban areas, making them excellent habitat. 
Coyote habitats and urbanization 
One cause of coyote cod-ontations with people 
may be attributed to the rapid expansion and 
development of subul-ban aseas which encroach on 
more traditional coyote habitat. In many cases, this 
is probably tive However, many slghtings and 
repoi-ts are up to several miles inside the city limits 
of older, established neighborl~oods. An example 
would be the repoi-ted activities In the city of 
Westover Hills, an atlucnt community su~~ounded 
by the city ofFo~t  Woi-th. There is no recent tract or 
property development, but coyotes have existed for 
several years in the area. 
On June 1 3, 1994, an inspection was made on 
a public golf course in Arlington due to the 
complaints of coyotes attacking and eatlng pets 
adjacent to the course. The coyotes were raising 
young on the golf course and this prope~ty was not 
near undeveloped land. Coyotes were observed on 
another golf course in No~th  Central Fo1-t Worth on 
the failways by the course manager. These animals 
were reportedly reluctant to give golfers the right-of- 
way. Immediately adjacent to the golf course is an 
undeveloped pasture area of several thousand acres. 
In years past, the owner of this adjacent 
property claimed to have lost several calves per year 
to coyotes. 
Duing July 1994, a female coyote and two pups 
were trapped inside a department store warehouse 
1 mile east of the intersection of Interstate 35 North 
and Loop 820 in Fort Worth. The coyotes came into 
the warehouse to feed upon scraps left over from 
employees' lunches and were trapped when an 
electrical s to~m caused the loading dock doors to 
close. An undeveloped area of approximately 1,000 
acres is immediately adjacent to the industrial park 
in which the warehouse is found. Employees 
regularly fed coyotes at a plastlcs plant east of 
Meacham Field in Fort Wo~th,  about three miles 
ii-om the county courthouse. 
Sporadic coyote nuisance complaints are 
received fsom DFW Ailpol-t regarding coyotes on 
runways. In thls case, a large acreage around the 
runway areas is available for raising young and 
concealment. Complaints have also been received 
from Carswell AFB and Sheppai-d AFB 
It IS obvious that coyotes can be found anywhere 
there 1s suitable habitat Similarly, conditions for 
survival can valy g-eatly. In the Dallas-Fort Worth 
al-ea, compla~nts and reports of coyotes have been 
received from the following municipalities: Tarrant 
County. Azle, Benbl-ook, Saginaw, Alliance Airport, 
DFW Ailpost, Grapev~ne, Southlake, Keller, North 
Richland N~lls, Colleyvllle, Arlington, Mansfield, 
Rendon, Crowley, Fort Wol-th and Haslet. In Dallas 
County: Dallas, De Soto, Garland, Duncanville, 
Mesquite, Fa~mers Branch, Irving, Las Colinas, 
Carrollton, Wylie, Lancaster, and Sunnyvale. In 
Denton County: Denton, Flower Mound, and Lake 
Lewisville. In Johnson County: Burleson, Joshua, 
Clebume, Godley, and Keene In Pal-ker County: 
Weatherford, and Aledo. These were received 
within the last 2 years and multiple complaints are 
often received from a city. The complaints may 
conceln 1 or several individuals, or groups of 
coyotes. 
Scope of urban coyote damage 
Damages fi-om coyotes range from fear of 
rabies, to fear of being in close proximity to 
carnivores, to propel-ty, pet, and livestock damage. 
Several complaints have been received from joggers 
who are amazed at the boldness of these animals and 
are fearful of attack. After killing 1 lcats and 1 small 
dog, coyotes caused an elderly woman in extreme 
south Fort Worth to be afraid of leaving her house. 
While coyote attacks on humans have been 
documented in California, no incidents are known to 
occur in Texas. But with increasing coyote-human 
interaction in urban areas, an attack would not be 
surprising, especially on children. 
Prope~ty damages generally are due to chewing 
or gnawing activities. During the 1970s coyotes 
gnawed on runway light wiring at DFW A I I ~ O I ~  and 
within the last 5 years this activity occun-ed at the 
Temple-Bell County Ailpost and at the Longview 
Ai~polt. 
The majo~ity of conlplaints received by TADCS 
in the metroples area conceln depredation on 
livestock and pets. A complaint was received in 
June 1995, regarding 6 daily calves being killed by 
coyotes at Crowley, a suburb south of Fort Worth 
approximately 112 mile west of 1-35, It is believed 
that this is the same group of coyotes that terrified 
the above-mentioned elderly woman that lives 
nearby 
Calf losses are reported all around the 
metroplex and are a common occursence. 
Depredation on ratites, has been reposted in 2 
locations. Sheep depredations in North Richland 
Hllls have o c c u ~ ~ e d  sporadically for 15 years. In 
July 1995, a fowth complaint was received fi-om the 
Lakeside area of no~~hwestern Tanant County 
regarding coyote dep-sedations on livestock. In this 
case, miniature goats were being killed inslde a 15- 
acre enclosure. The use of llamas and guard dogs to 
protect the goats pl-oved futile. Sheep, goats, and 
calves have been killed in this area of 5-20 acre 
properties. Adjacent, is a sanch of several thousand 
acres. Several complaints have been received 
concelning the loss of ducks and geese around 
ornamental ponds. 
The largest portion of these depredation 
complaints pertain to pet losses. On June 4, 1995, 
an inspection was made of a coyote depredation site 
in De Soto, Dallas County. Small dogs and cats had 
been taken fiom an dlluent neighborhood by a group 
of coyotes believed to be living in a nearby brushy 
creek area. A coyote was seen by the pet owner with 
his small white poodle in its mouth jumping the 
cyclone fence, where it disappeared into the 
darkness in Arlington. A group of coyotes regularly 
raid neighborhood areas in South West Fort Worth 
and Benbrook for pets. 
Another group of coyotes in the northern section 
of Benbrook killed 18 of 20 mouflon sheep in a 
small enclosure along with all the ducks in the pond. 
The most publicized and blatant depredations 
occurred around the Eagle Mountain Lake area in 
developed lakeside residential areas. This Tarrant 
county residential area had several well witnessed 
incidents of broad daylight as well as nocturnal 
attacks on pets. One schnauzer was actually jerked 
from the leash and cal-ried off before the owner's 
disbelieving eyes. Larger dogs were attacked by the 
group of coyotes when wandering through the 
neighborhood at night. Thls caused most pet owners 
to keep their animals confined. One woman 
witnessed a large male coyote killing and eating her 
1 l -year old cat on her fi-ont porch. the owner's 
screams were of no avail to the hapless cat. 
Damage control 
These attacks in the lake area became so 
numerous, TADCS was contacted and a meeting 
was held January 25, 1993, in the local county 
commissioners' ofice. In attendance were 5 Texas 
Parks and Wildlife Department (TPWD) 
representatives, a U.S. Congressman's aide, Tarrant 
County Sheriff, media representatives, residents, and 
ranchers in the vicinity. 
As the properties were not within the city limits, 
dl]-ect operational control was implemented on the 
adjacent ranches were the coyotes were living. An 
assignment of 1 month duration was implemented. 
It was so successhl that 3 subsequent 1-month 
assignments have occurred since the initial effort, 
netting 469 coyotes. No more pet or livestock 
depredations have occun-ed. 
Unfoitunately, this incident was an exceptional 
circumstance. Most complaints cannot be responded 
to with direct methods. No direct control activities 
occun-ed at De Soto, after meetings with city 
personnel, for fear of adverse media coverage. No 
municipality has given consent or varlance in local 
ordinances making operational control possible. 
Various local animal control officers have had no 
success with live traps of any type. One paiticular 
employee smeared the live trap with dog food and 
became a veiy successful opossum trapper. 
In many cases, state law prevents the use of the 
M-44 device, but In any case, the tools needed to 
stop some of these problems have not been allowed. 
Other TADCS personnel asound the state experience 
similar circumstances Technical assistance 
consultations are standard methods used to inform 
residents of their best possible courses of action 
under the circumstances. No change in status is 
anticipated at this time. 
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COYOTES: A HUNTER'S PERSPECTIVE 
GERALD STEWfUXT, Johnny Stewart Game Calls, Inc., P.O. Box 7594, Waco, TX 767 14 
Abseact: The challenge and thrill of recreational hunting for coyotes (Caiirs latt.ans) has increased greatly over 
the last 20 years. The popularity of calling coyotes especially is increasing east of the Mississippi River as coyote 
populations continue to increase their range and abundance in that area. 
David had his Gol~atli, Don Qu~sote had his 
windmills and Willy Loman had his dreams. Each 
had an adversaiy that represented a challenge to 
overcome or conquer. I'm not sure what the 
connection 1s to coyotes, but it seemed l ~ k e  a good 
way to start I hope that I can weave these thoughts 
together as vie go along, so you won't thlnk I'm a 
total idiot 
Increasingly over the last 8- 10 years, the coyote 
has become that adversary or challenge to many of 
today's hunters To get a good perspect~ve on today's 
hunter, let's look for a moment at yesterday's 
oppoltun~tres to hunt the cunnlng canine. 
Range expansion of coyotes 
The coyote, having started h ~ s  trek a few 
hundred years ago into what we know as North 
Arne~ica, has not occupied his present range for very 
long. Natural barriers forced the coyote's migration 
up and over the large I-lvers that ultimately f o ~ m  the 
Mississ~pp~ 
Archeology has sho~irn us that coyotes roamed 
the far eastern edge of the Canad~an Provinces over 
400 years ago For some unexplained reason, their 
range retracted to a more western domain Small 
numbers of thcm filtered down the no~theastem edge 
of the continental U S. But it wasn't until we 
abandoned the river crosslng feny method for 
bridges that the eastern states were opened up to the 
coyote's migratron eastward. Helped along by the 
transplantation of small numbers of coyotes by 
houndsmen who wanted sport for their dogs, coyote 
numbers started to grow east of the Mississippi 
River. 
Not bemg considered a game an~mal, the coyote 
was not managed like deer or turkey The 
tremendous benefit of huntmg as a management 
tool in the conservation effort was not applied to the 
coyote. They managed to do quite well on 
their own. They certainly were not in any trouble 
heading towards endangelment. 
Coyote populations increase 
The only factor In this area to regulate coyote 
numbers was basically the reel-eational fur trapper. 
Coyote fur was in high demand durlng the late 1970s 
and early 1980s, and the trapper was the vehicle that 
supplred it Then came the reduced demand for fur 
in 1988-89, and subsequently the collapse of the fur 
trapping indust~y. The fur market st111 hasn't 
recovered, thus f i r  demand may never again cause it 
to be a viable management tool for controlling 
coyote populations. 
Coyote populations left unchecked grew rapidly. 
Their numbers have now grown to the point where 
disease and stal-vation will put the clamps on their 
advance in some areas. Left unchecked, coyotes 
cont~nued to become more abundant In states where 
before they were known to occur, but were only 
rarcly seen Today they are being seen with 
regular~ty. 
What initially was a neat thrill for some hunters, 
i.e., to see a coyote passing by the deer stand became 
a concern for the coyote's effect on small game 
Even worse was the fear that fawns and turkey poults 
would also be aflected. 
It is at t h ~ s  point that the challenge to call in a 
coyote and shoot him started its meteoric nse. 
Paralleling this interest on the part of deer and turkey 
hunters was the en'ort of State Game Departments to 
encourage the sport huntlng of coyotes. The 
egective tool of trapping was gone so now the states 
need help from hunters 
The state of South Dakota developed a program 
of tagging and releasing coyotes with bounty tags of 
up to $500 to be redeemed by the lucky hunter that 
was able to get him. Restrictions on hunting coyotes 
in several eastern states started dropping like flies. 
Hunter interest rising 
What once was the coveted enjoyment of 
hearing the serenading harmony of the "song dog" 
has now become the call to battle. I think of the 
villagers with their torches storming Dr. 
Frankenstein's castle when I hear some hunters talk 
about coyotes. I've done seminars in the east where 
some in the audience sat fixed on my Wyman 
Meinzer coyote photographs with a lusting stare 
mumbling "gotta get one ... gotta get one". 
You're probably wondering why I keep 
referring to "eastern this and eastern that." It's 
because I believe there is demand and a desire that 
is as yet untapped. There may be an opportunity that 
has not been selzed upon Please understand that the 
opportunity to hunt coyotes may not be a big deal to 
many long time hunters In Texas; but it is to others. 
Hunters fiom the East who have moved into our 
state a-e one segmenl, along with other Texans who 
have concentrated on deer, turkey, quail or doves all 
their life. They are just now discovering the thrill of 
coyote hunt~ng. Cornb~ne them with nonresident 
coyote hunters and ~ t ' s  probably a sizeable group of 
hunters. Maybe the coyote can be managed as a 
cash crop just as the deer and the turkey have been. 
It's happening with feral hogs. Maybe rt can with 
coyotes also. 
I belreve it was outdoor writer Lany Weishuhn 
who coined the phrase "Poor Man's Grizzly" when 
refei~ing to a feral hog boar I assume using the 
word "grizzly" alludes to the element of danger and 
adventure Involved while at a mrnimal investment of 
dollars. 
Consrdering the coyote's sharp instincts and 
intelligence, the lure to hunt them is the bragging 
rights to say you were able to win or overcome the 
challenge. I talk to hunters all over the countiy that 
salivate at the thought of huntrng our abundance of 
coyotes. They have had their appetite whetted by 
calling in their own states, but they dream of hunting 
on a Texas ranch with lots of coyotes. The coyote is 
to the noithein and eastern hunter what the feral hog 
is to the southern and western hunter. There just 
aren't the numbers there to satisfy all of the desire. 
I've talked to many hunters who have traveled west 
for an opportunity to hunt coyotes. They are freely 
spending their hard-earned vacation money doing it. 
During a seminar at a "Bowhunters University" 
weekend retreat, I asked how many, out of the 25 
hunter present, had harvested deer with their bows. 
Eighteen or so raised their hand. I then asked how 
many had seen a coyote while bowhunting; 6-8 
hands shot up. When asked how many had been 
able to shoot the coyote, only 2 hunters raised their 
hands. When I asked if the coyote had been called 
up only 1 responded. I then asked how many would 
like to call 1 up and take him, and virtually every 
hand shot back up. 
Appeal of hunting coyotes 
Occasionally I agree to spend a day or 2 with an 
out of state hunter who takes vacation time to come 
hunt for coyotes. Poor Mama and kids slt in the 
motel while Daddy gets his thrill in the woods 
hunting coyotes. Even lf we strike out, he goes away 
grddy at the opportunity to hunt Texas coyotes. 
One of the appeals of coyote huntrng is the wide 
d~versity of callrng and hunting techniques. Day or 
nrght, almost any type of terrain and smart ones vs. 
dumb ones are all elements that come into play For 
those in Texas who have called a great deal, they 
might s h u g  their shoulders and say "what 
challenge"? But to someone who hasn't had the 
opportunities we have, they feel they may have 
conquered the world. 
One hunter from the east coast who has called 
them successfilly at home experienced his first ever 
night-calling on one of my trips He was almost 
wetting his pants at the sight of those eyes popping 
out of the darkness. 
I've had several hunting guides relate to me that 
some of their clients would almost rather hunt 
coyotes than deer. More than one hunter who has 
hunted big game all over the world has stated 
emphatically "that [calling coyotes] was the most fun 
I've ever had hunting" after a successful day in the 
Texas brush 
What creates h s  excitement? I believe it is the 
intensity of the anticipation that burlds as the hunter 
waits impatiently. Understanding the coyote's ex- 
tremely keen senses and ability to sulvive, the 
challenge to outwit the wol-thy adversaly presses 
fumly on the hunter's consciousness. The coyote can 
burst onto the scene in a dead sun, 01- it can sneak in 
silently only to appear out of nowhere. If you are 
skilled (or maybe just lucky') enough to get one into 
ntle, handgun or bow range, then the real challenge 
begins. To get him in your sights without him 
detecting your movement, scent or sound will set 
apart the men fsom the boys so to speak. 
Coyote calling can be a type of hunting that 
provides an incredible diversity in action, reaction 
and results. Styles and beliefs can vary widely 
among experienced hunters but I think they all will 
agee  that coyote hunting can bc a tremendously fun 
challenge for anyone 
The coyote to some has taken on a mystical 
propoltion like David's Goliath When they are able 
to place that pet-fect shot they have slain the obstacle 
to them winning the challenge. Some will pursue the 
coyote because he is perceived as the evil dragon, 
when in I-eal~ty he is just another part of the 
landscape 
Well, I haven't figured out how to work Don 
Quixote and Willy Loman into this yet, but there's a 
connection there somewhere But that will have to 
wait until another day. 
TECHNIQUES FOR ESTIMATING COYOTE ABUNDANCE 
SCOTT E. HENKE, Caesar Kleberg Wlldlife Research Institute, Campus Box 2 18, Texas A&M University- 
Kingsvllle, Kingsville, TX 78363 
FRED F. KNOWLTON, USDA-APHIS Denver Wildlife Research Center, Utah State Univers~ty, Logan, Utah 
84322-5295 
Absirad Knowledge of coyote abundance is needed to make intelligent management decisions Several methods 
have been devised to ennumerate coyote (Canis latrans) population size. We review several techniques and 
attempt to identify biases associated with each method. Once biases are understood, recommendations can be 
made to minimize theu impact on data collection processes and yield better estimates of coyote population trends. 
Enumerat~on of population status (i e , denslty, 
trends) is impostant in research and management of 
wildlife. Management of coyote populations has 
typically involved population control (Beasom 
1974). Ranchers may be interested in the number of 
coyotes in an area to assess the potentla1 severity of 
livestock losses (Scrivnel- et al. 1985). Wildlife 
managers sometunes attempt to reduce the density of 
coyotes to aid I-ecruitment of game species (Beasom 
1974, Gamer et al. 1978, Hamlin et al. 1984) 
Assessing populat~on slze has been 1 method to 
judge the success of such management PI-ograms. 
Unfo~tunately, estimation of coyote population size 
is difficult because of species' secretive behaviol- and 
low dens~t~es.  
Coyote populat~on size can be expressed as 
density or relative abundance. However, these t e~ms  
are sometimes confused and used erroneously. 
Population density is the number of individual 
animals per unit al-ea, for example, the number of 
coyotes pel- square mile Relat~ve abundance refers 
to the ranking of populations according to their 
population size. For example, Ranch A has more 
coyotes than Ranch B. Often, relative abundance is 
derived fi-om an index or an ind~cator of population 
size. 
Reseaschers of coyotes often rely on population 
indices because of the d~fficulty in obtaining 
adequate data to estimate population size. However, 
because the relationship between the ~ndex and the 
true population size is often unknown, the use of 
indices should be restl-icted to measures of relative 
abundance between populations of different areas 
duing the same time period, or between populations 
on the same area over time. 
Methods used to estimate coyote population 
slze, dens~ty, and relative abundance have included 
scent stations (Linhart and Knowlton 1975, 
Roughton and Sweeney 1982), vocalization 
responses (Okoniewsk~ and Chambers 1984), scat 
counts (Andelt and Andelt 1984), mark-recapture 
(Clark 1972), removal (Z~ppln 1958), rad~oisotope 
markers (Crabtree et al 1989), aerial surveys (Nellis 
and Keith 19761, and radiotelemet~y (Andelt 1985) 
However, all methods provide vanable results and 
none glve a complete census of coyote populations 
(Spowal-t and Samson 1986). A census is a 
complete count of evely animal within the 
populat~on Obv~ously, because of the behavior of 
coyotes, a census is not practical 
Our purpose here is to identify methods which 
can be used to assess coyote abundance and to 
~dentify some mer~ts and problems of each. While 
not an exhaustive treatment of the subject, this report 
provides a general assessment of our current 
undcl-standings 
Density estimates 
Aet.~al Colrrits. Aerial sulveys are commonly used 
to sample animals or animal signs (e.g., nest 
colonies) visible from the alr. Aerial counts can be 
conducted from e~ther a fixed-wing plane or 
helicopter. No~~nally,  a pilot and 1 or 2 observers 
are requlred to conduct aerial sulveys. A Global 
Positioning System (GPS) is useful in mainta~nlng 
flight patterns (R. Cumow, Denver Wildl. Res 
Center, pers. cornrnun.) Surveys should be 
conducted when there is adequate visibility during 
the ewly mo~ning or late aftelnoon hours (Beasom et 
al. 198 1). 
However, there have been few serious attempts 
to use aerial counts, either from planes or 
helicopters, to assess coyote abundance. Equipment 
costs may make the technique prohibitive for many 
situat~ons, and biases assocrated wrth aircraft speed 
and height above ground, transect width, differing 
ground cover and tei~ain, differing vegetation 
conditions, time of day, and visual acuity of 
observers probably precludes this technique as a 
reliable procedure except under very specialized 
circumstances (e.g., snow cover). Use during the 
winter after deciduous foliage has fallen and where 
there is complete snow cover on the ground may 
improve the performance of this technique (Nellis 
andKeith 1976); however, little or no evaluation of 
the estimates obtained have been made. 
For~vard-Look~ng Inf'sar-ed (FLIR) sensing 
shows promlse as a new teclmrque to count 
predators A plane equipped wrth a FLIR deuce 
would fly tl-ansects as outlined above, except the 
intixed image of the an~mal would be videorecorded 
for later analys~s. Best results from t h ~ s  technique 
are obtained fsom transects flown during the early 
morning haul-s (within 2 hours of sunrise) over flat, 
open areas. Resolution of infrared images has 
improved significantly in recent years and now 
observers can drfhentrate among some specles (S 
Beasom, Caesar- Klcberg Wrldl Res. Inst., unpubl 
data). 
Mo\vever, the FLIR te~hnic1ue IS not without its 
problems Tenain, radiated heat fsom the ground or 
other environmental heat sources, and canopy cover 
can obscurc images (G. Henrcke, Caesar Kleberg 
Wrldl Res. Inst., pers conm). ~t the present time, 
FLIR technology has not progessed to a point where 
it appears practical to use to assess coyote 
abundance. 
Catch-rrlark--r.elease: This technrque typically 
involves mult~ple captures of lnd~vidual coyotes. 
During the inrtial captwe the coyote must be 
niamta~ned alive, aRer which, subsequent collections 
can be by lethal means. Coyotes have been live- 
caught by foot-hold traps, snares, boxtraps, and 
tranquilizer darts 
Turkowskr el al. (1 984) described improved 
foot-hold traps which resulted in coyote capture rates 
of over 84% and excluded smallel-, non-target 
predators. Skinner and Todd (1 990) reported that 
foot-hold traps resulted In a 3-fold greater. coyote 
capture rate than foot snares Public opposition to 
the use of traps exists over concern that substantial 
injury to the trapped animals occurs (Jotham and 
Phillips 1994). Llnhart et al. (1 98 1) and Zemlicka 
and Bruce (1 99 1 ) suggested that affixing tranquilizer 
tabs containing pl-opiopromazine HCI can 
significantly decrease foot injury to coyotes. The 
d u g  diazepam also has been used to reduce Injury to 
coyotes caught in steel foot-hold traps (Balser 1965). 
Neck snares equipped with safety stops to 
pl-event choking have been used to reduce injury to 
individual animals, and capture rates are typically 
greater than those of foot-hold traps (Guthery and 
Beasom 1978), at least in areas where net-wire 
fences are common. Also, experience in the 
placement of the safety stops is required; too tight or 
too loose will result in killing the coyote or escape 
by the coyote, respectrvely. Coyote pups have been 
caught at dens In live traps (Foreyt and Rubenser 
1980); however-, adult coyotes seldom enter boxtraps 
(R Sramek, Texas Animal Damage Control Serv., 
pers commun.). 
Coyotes have been dar-ted by use of a Cap-Chur 
gun h m  the gsound (Ramsden et al. 1976) and from 
the air (Baer et al 1978). Dosages ranged from 8 - 
2 1 mgAg body weight for ketamine hydrochloride 
(Ramsden et al 1976, Colnely 1979) and 2 mg/kg 
body weight for phencyclidine hydrochloride (Bailey 
197 1). Both dlugs have a wide margin of safety, 
were easily administered by syringe, and took effect 
typically within 5 minutes Recovery time for 
drugged coyotes can take up to 30 minutes (Pond 
and O'Gal-a 1994). 
Nellis (1 968) described a technique of chasrng 
coyotes with motorized toboggans until they tired. 
At this point the coyote could be easily 
ove~po\vei-ed, however, he still advised using 
caution to avord lnjury to all pal-ties concerned. The 
use of ATVs could replace motorized toboggans in 
areas that lack sufficient snowfall. However, this 
technique appears to be limited to areas of open 
ten-a~n which offer greater maneuverabilrty to 
motorized vehicles. Death or disability can result 
from capture myopathy associated with over- 
exeltion by the coyotes, especially in warm and hot 
conditions. 
Clark (1 972) estimated coyote density using a 
modlficatron of the Petersen estimate (Bailey 195 1) 
He located active coyote dens, eartagged the pups, 
and then 11-apped coyotes In the same area several 
months later The proportion of eartagged coyotes 
among the total number of pups captured was used 
to estimate the density of coyote pups. This 
procedure appeared to yield a sellable density 
estimate, but it was vely label- intensive. 
The major problem with catch-mark-release 
estimators is that recovely rates of tagged coyotes is 
typically low (Andelt et al. 1985, Windberg and 
Knowlton 1990). Gionfsiddo and Stoddalt (1 988) 
repo~ted that coyotes marked with ear tags and vinyl 
collars were recovered at rates of 21% and 25%, 
respectively Recove~y rates increased to 50% if 
coyotes also were equipped with radio collars; 
however, telemet~y equipment often can be cost 
prohibitive. Wlndberg and Knowlton (1 990) 
demonstrated that coyotes are seldom captured in the 
areas they fi-equent most and are usually captured on 
the edges, or well outside their usual haunts. 
Radio~sotope ma-kess have been used as a 
means to circumvent low recovely rates. Individual 
coyotes are intramuscularly Injected with garnrna- 
emtting radioactive ~sotopes, which eventually gets 
excreted (Pelton and Marcum 1975, Knowlton et al. 
1989) The proportion of marked to unmarked feces 
can be used to constluct a population estimate. 
Estimates derived fiom these procedures appear to 
be quite reliable, especially ~f the marked animals 
are equipped with sadlo transmitters to assess the 
degree to which the animals remain on the survey 
area, but this technique is labor intens~ve 
Spotliglit col(nts Spotlight counts have been used 
to estimate wh~te-talled deer (Ha~~vel l  et al 1979) 
and lagomo~phs (Kllne 1965, Fafaman and Whyte 
1979). Few attempts have been conducted to 
ennumerate coyote populat~ons by t h ~ s  method 
(Henke 1992). Spotl~ght sulveys should begin 1 
hour after sunset and should be conducted several 
times duling the same moon phase and under similar 
weather conditions The number of replicates 
depends upon the variab~lity anlong counts as well 
as the precision desired. Two obse~vers with 
300,000-candlepowel- spotlights and a driver are 
required to count coyotes along each roadside. The 
vehicle should maintam a speed of approximately 10 
mph during the survey 
Coyote denslties are obtained by dividing the 
number of coyotes obsel-ved by the visible acreage. 
Henke (1992) believed that this method 
overestimated the coyote population in West Texas, 
but stated that coyote populations could be positively 
or negatively biased by their use of secondary roads. 
Coyotes preferentially use secondary roads as travel 
lanes (Andrews and Bogess 1978), thus causing an 
upwal-d bias In density estimates. However, if 
coyotes were routinely hunted fiom vehicles at night, 
a leaned aversion to vehicles and roads could result, 
resulting in underest~mation of coyote density. 
Factors which Influence animal activity might also 
influence counts, Including time of day, season, 
weather conditions, and condit~on of roadside cover. 
Therefore spotlight surveys as an enumerat~on 
technique for coyotes should be viewed with 
skepticism until the behavioral biases are assessed. 
Relative abundance indices 
Catch-pel.-uiiit eSfooi.t: A variety of catch-per-unit 
effort ~ n d ~ c e s  have been used with carnivores in 
general and coyotes in pasticular. Many of the 
trapping techniques descr~bed above also could be 
used as long as capture effort is recorded. Despite 
whether effort is measured in man-years (Cain et al. 
1972, Wagner 1972) or individual "unit-nlghts" 
(e.g., trap nights) (Clark 1972, Knowlton 1972), 
standardization of procedures remains a major 
problem, pa~ticularly with regard to the manner in 
which different individuals use or set equipment. 
B~ases  result~ng fi-om the use of various types of 
equipment as well as unequal capture vulnerab~l~ty 
of animals wlthln varlous population segments need 
to be addsessed (Windberg and Knowlton 1990). 
Most catch-per-unit-eKo~t techniques are labor 
intensive and many have the added disadvantage of 
modifying the population by removing individuals 
Removal methods have been employed to estlmate 
relative coyote population size (Henke 1992). This 
estimator IS based on the assumption that more 
animals are caught during the initial effort and that 
the number of captures declines with subsequent 
effo~ts (Zippin 1958). However, the more ~ntensive 
the capture effort in relat~on to the size of the area, 
the geater the potential impact upon the population 
being enurnel-ated Also, coyotes quickly immigrate 
to areas where te~ritorial vacancies occur. Henke 
(1992) noted that coyote density returned to pre- 
removal levels in less than 3 months after the 
removal effort Rapid recolonization rates can 
confound removal estimators 
Scent statrot1 vrsitatrot~ rates: Coyote visitation sates 
to altilicial scent stations probably have been the 
most widely used, standardized method for index~ng 
coyote abundance. Scent station indices also have 
been evaluated more critically than any other 
technique for indexing coyote abundance (Linhal-t 
and Knowlton 1975, Roughton and Bowden 1979, 
Roughton and Sweeney 1982). This technique 
employs a series of kansects, each composed of a set 
of regularly-spaced stations 39 inches (1 m) in 
diameter The ground sui-face is scarified and 
smoothed so that animal tracks can be recognized. 
Powdered clay soils are preferred for building 
stations. 
Typ~cally, stations are spaced at 550 yard 
intervals with consecutive stations located on 
alternate sides of a road The basic sampling unit is 
a 3 mile line containing 10 stations. A standard 
artificial olfactory attractant is placed In the center of 
each station. Attractants have included plaster-of- 
paris disks impregnated with a scent (Roughton and 
Sweeney 1982) or histology ttlssue capsules 
containing scented-cotton (I-Ienke 1992) Stations 
are typically set out 1 day and examined the next to 
dete~mine the number 01' stat~ons that have been 
visited by coyotes. The indes of abundance nolmally 
is espresscd as 
(No. stalior?~ w~tli co,vote visits) 
...................................... X 1000. 
(No. ope/-able stations) 
Coyote bchavior can affect the number of 
"vis~ts". Hams (1 983) found that coyotes are more 
l~kely to visit scent-stat~ons when they were away 
fi-om areas with wh~ch thcy were famil~ar than when 
they were within familiar arcas. Andelt et al. (1 985) 
suggested that prcvious advci-sc esperiences, such as 
having been trapped, reduced scent-station 
visitations by coyotes. Fagre et al (1 983) suggested 
that coyotes may become habituated to specific lures 
if they are repeatedly exposed to it; however, 
changing lures could elicit a different response. 
Env~ronmental factors such as strong winds, 
precipitat~on, and frozen ground, and biotic factors 
such as grazlng livestock and vehicular traftic can 
render scent-stat~ons unusable. F a g ~ e  t al. (1981) 
noted that young coyotes were more attracted to 
odors than adults; therelore, unequal vulnerabil~ty 
could result in b~as .  
Elicited liowlir~g /.espor?ses: Sirens, bugles, 
broadcasting recorded coyote howls, human 
iniitat~ons of coyote howls, and a variety of other 
sound stimuli have been used to el~cit responses 
from wild coyotes (Alcorn 1946, Wenger and 
Cringan 1978, Okoniewski and Chambers 1984). 
Locations for attempting to elicit coyote responses 
are identified along predetermined routes at spaclngs 
generally greater than 2 5 miles. The routes are 
usually driven between dusk and dawn and the 
number of stations with responses, or the number of 
responding groups per station, is used as the 
measure of relative coyote abundance. 
Several factors have been identified which may 
influence the rate at which coyotes respond, 
irrespective of coyote abundance. Carley (1 973) 
obta~ned a 4-fold difference in response rates to 3 
types of sirens used to elicit the response. He also 
noted a bimodal response pattern during nocturnal 
sampling, with an absence of response in the middle 
of the n~ght when animals were not active. 
Okoniewsh and Chambers (I 984) did not detect any 
apprec~able difference between response rates 
ellcited by siren and human voice but they d ~ d  note, 
as did Quinton (1976) and Laundre (1981), a 
seasonal pattern in coyote responsiveness. 
Among penned coyotes, i t  seems that an~mals 
not associated with "terntorial groups" do not 
respond to other coyotes and likely would not 
respond to other sounds that no~mally elicit 
vocalizations. Camenzind (1 978) and Bowen 
(1 98 I) suggest similar behav~oral differences among 
wid  coyotes. This suggests that transients within a 
coyote population might be excluded from the 
enumeration process. 
In addition to variable responsiveness on the 
part of coyotes, a var~cty of envit-onmental factors 
including topography, vegetat~on height and dens~ty, 
relative hunlid~ty, wind veloc~ty, air temperature, and 
presence or absence of temperature inversions can 
influence the range over wh~ch coyote responses can 
bc dctected (Wolfe 1974) Potentially differential 
auditoly aculty among obsavers could also pose 
significant b~ases 
Scat depos~t~on rates T h ~ s  technique appears to be 
one ofthe more practical because it (a) requires only 
one obsei-ver with minimal training, (b) can 
accumulate info~mation over a period of time 
without an obseiver in attendance (Clark 1972), and 
(c) does not require an artificial behavioral response 
on the part of the coyote. Davison (1980) and 
Stoddart (1984) have used the number of coyote 
scats deposited along 1.0 mile segments of 
unimproved road In a specified period of time to 
depict trends in coyote abundance. Each transect is 
walked at the beginning of the sample period and all 
scats detected are removed Subsequently the 
transects are walked again at a later date and the 
number of scats recovered per mile per day is used 
as an index to coyote abundance. 
Balcomb (unpubl. data) indicates biases 
associated with this technique include: ( I )  removal 
of scats may slightly reduce the number of scats 
deposited in subsequent days; (2) scat persistence is 
inversely related to the amount of vehicular traffic; 
and (3) failure to detect scats while walking the 
transects. About 30% of the scats were missed, 
independent of observer, each time a transect was 
walked, with some indication the problem was 
greater on transects with fewer scats. This bias can 
be reduced by walking transects twice, once in each 
direction. Also, seasonal changes in scat abundance 
may result from differentla1 scat production 
associated with d ~ e t a ~ y  changes (Andelt and Andelt 
1984), suggesting comparison of scat depos~tion 
rates should not be made across seasons. 
Standar.dized track counts. Establishing standard 
track counting areas may have the potential for being 
the most I-ellable technlque for detel-min~ng relative 
coyote abundance. In most situations it probably 
also entails the most work. This method consists of 
counting the number of fresh coyote tracks detected 
within set distances of road. In snow, sand, or soft 
earth it may be I-elalively easy, but on rocky or hard 
substrates it may be neai-ly impossible. Todd and 
Keith (1 976) used liesh snowfall and Beasom (1 973, 
1974) used the sandy soils of South Texas to their 
advantages. However, environmental conditions, 
vehicular traffic, and unworkable substrates make 
widespread use of this technlque impractical. 
Road-killed coyotes. The number of coyotes killed 
by vehicles can be used, if standardized, to estimate 
relative abundance of coyotes. Henke (1 992) drove 
the same 30 miles of highway roads evely day for 2 
weeks each season and recorded the number and 
locat~on of freshly-killed coyotes. He estimated the 
relative abundance of coyotes fi-om the equation, 
where: n = number of fi-esh road-k~lled coyotes; l = 
length of the road (km) surveyed; and V = average 
daily volume of traffic. 
However, f1enke (1 992) reported this technique 
did not yield satisfactory estimates. Juveniles 
represented the majority of coyotes killed on the 
highway, suggesting a strong age bias. Differential 
vulnerability to vehicular traffic was also reported by 
Windberg and Knowlton (1 990). Average vehicle 
speed, weather, season, and location of preferred 
areas may present additional biases (Downing 
1980). 
Ha~vest questionnaires and bounvpaynrents. Many 
agencies use harvest data from questionnaires to 
estimate coyote population trends (Krause et al. 
1969). However, these data are subject to biases 
ansing 60m sample size, pelt prices, and honesty of 
respondents. Krause et al. (1969) suggested that 
many hunters reported they were hunting coyotes 
only if they happen to kill one, thus overestimating 
coyote harvest by underestimating effort. County 
bounty systems may overestimate relative coyote 
abundance because coyotes may be collected fiom 
nearby counties, but hunters may clalm the kill 
occurred in the jurisd~ction paying the highest 
bounty. 
Conclusions 
Developing techniques to assess the relative or 
absolute numbers of wild animals is an intriguing 
but complex process. In the case of the coyote, 2 
techn~ques seem to have particular merit for 
assessing rclative abundance: scent-station visitation 
rates and scat deposition rates In addition, practical 
density estimates seem feasible through use of 
radioisotopes for long-te~m marking of feces of 
specific animals. However, reasons for enumerating 
a population, situations at hand, and resources 
available should be assessed before a technique is 
selected. 
Before engaging in any attempt to detect trends 
or changes in coyote abundance, thought should be 
devoted to the sensitlvlty required of the estimator. 
How large or small a difference In abundance that 
can be detected w ~ l l  be a function of (1) the relative 
response level of Ihe particular index being used, (2) 
variation ~nherent in the index method, and (3) the 
sampling effort. Little can be done about variation 
inherent in an indexing technique except to rigidly 
adhere to standardized methods, not only in terms of 
procedures but also to the conditions under which 
the methods are performed. The relative level of 
response presumably IS a function of the number of 
animals present, and cannot be changed artificially, 
but expectations of the response rates to be 
encountered pe~mit adjustments in the sampling 
intensity to achieve the degrce of sensitivity desired. 
In short, the quality of "the answer", in t e~ms  of 
precision and accuxacy, is closely related to the effort 
involved and the relative scale of that particular 
enumeration data. 
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INTERPRETING PHYSICAL EVIDENCE OF COYOTE PREDATION 
JAMES E. BOWNS, Southern Utah University and Utah State Univers~ty, Cedar C~ty, UT 84720 
Abstract: There are situations where it is necessary to determine the cause of death of livestock, game animals, 
or other wildlife. C n t a ~ a  used for recognizing predator kills are well known and scientifically documented. These 
criteria include the attack, killing and feeding behavior of predators as well as the characterist~cs of the~r tracks, 
droppmgs, and canlne teeth size and spacing. Diagnostic criteria for recognizing coyote (Canis latrans), domestic 
dog, fox (Urocyon cinereoargenteus, Vulpes vulpes), cougar (Felis concolor) , bobcat (Lynx mfus), bear (Ursus 
spp ), and eagle (mostly Aqiirla ck~ysaetos) predation are presented in t h ~ s  paper. 
Predation and its impacts on livestock and 
wildlife continue to generate interest and controversy 
among livestock producers, environrnenta! groups, 
wildlife managers, hunters, researchers, students and 
the general publ~c. An accurate assessment of the 
damage actually done by each predator species is 
prerequisite for reconciling the concerns of these 
diverse interests, and for developing effective 
predator management and control policies. Such 
cause-specific diagnoses require the ability to 
recognize predation events and the respective 
predators involved 
Predation is usually a secretlve event that occurs 
in areas remote fioni human hab~tat~on, thus it IS 
rarely witnessed. Thercforc, it is necessary to use 
physical evidence to document that ( I )  a kill has 
occurred and (2) to detelmine which predator 
species was involved. The purpose of this paper is 
to present detailed desci-iptions of predator 
characteristics and behaviors that can be used to (I)  
distinguish predator kills from other causes of death, 
and (2) identify the predator when a kill has 
occurred 
carcass, as well as by the position or orientation of 
the carcass. Identification of specific predators 
assumes that each predator species follows a general 
patte~n of killing and feeding, and therefore, leaves 
similar evidence. However, it must be recognized 
that individual predators valy in their behavioral 
patterns. 
A suspected predator k~ l l  should be approached 
carefully to avoid unnecessary disturbance taking 
care to not disturb tracks or droppings that may be 
found near the carcass, along ti-ads, fence lines, 
creeks, water holes or d y  washes. Note the position 
of the carcass, look for drag trails, blood on the 
growld or on vegetation, and if the carcass has been 
co\rered by soil and/or plants Look for obvious 
wounds which are often located on the neck, head or 
shoulders. Examine the carcass for the feeding 
pattern, especially check the udder, viscera, 
shoulders and hind quarters Skin the carcass and 
look for tooth punctures, subcutaneous 
hemon-hag~ng, tissue damage, bruising and broken 
bones, espec~ally broken necks. Where punctures 
are found, note their number, size, depth and 
location. 
Interpreting physical evidence of predation 
Coyotes 
Animals dle from many causes, e.g., starvation, 
exposure, parasites, disease, bloat, suffocation, 
poisonous plants, and lightning, all of which can be 
determined by appropriate esamination of the 
carcass and the kill site Often, however, a 
vetennanan or other espelt is needed for an accurate 
dete~mination In such a case, the carcass and 
nearby soil and vegetation should not be disturbed 
Death caused by predation can be recogn~zed by 
characteristic wounds and consumption of the 
Coyotes are the most common and the most 
serious predator of l~vestock in the western U.S. 
(Wade and Bowns 1982). Connolly et a1 (1 976) 
considered coyote predation on sheep as a serious 
economlc and polit~cal problem 
In attacks on adult sheep, goats and older lambs, 
coyotes typically bite the throat just behind the jaws 
and below the ear (Wade and Bowns 1982). On 
smaller prey, such as small lambs and kids, coyotes 
may bite the head, neck, or back, causing massive 
tissue and bone damage. 
Connolly et al. (1 976) considered the sheep 
killing technique of coyotes to be remarkably 
consistent. Each coyote ran alongside the fleeing 
sheep, clamped its jaws on the neck laterally 
(sometimes dorsally) just behind the ear, and braced 
its feet to stop the sheep The coyote's grip then 
sMed to the l q n x  region, and it simply held on and 
waited for the sheep to succumb (primarily by 
suffocation). Sheep killed by coyotes exhibited tooth 
marks and hemorrhaging (sometimes only 
subcutaneously) In the lalynx reglon. 
Bowns (1976) concluded that blood on the 
thsoat wool waspr.itrra facie ev~dence of predation 
Where external bleeding was not apparent, the hide 
should be sklnned fsom the neck, thsoat, and head of 
the carcass. A coyote kill reveals subcutaneous 
hemo~~hages, tooth punctures in the hide, and tissue 
damage. The tooth punctures are usually located 
below the ear and on the throat ~mmediately behind 
the mandibles. On vely small lambs, however, the 
coyote's upper jaw may penetrate the top of the neck 
or the skull 
It IS often diflicult, if not impossible, to 
detelmine the cause of death if the carcass has 
reached an advanced stage of decomposition. 
However, if the head is positioned highel- than the 
rest of the body and the b~tten side has not touched 
the gsound, evidence of the bite may still be 
distingu~shable Blood on the ground near a long- 
dead animal IS also indicative of predation. 
Young, inexperienced coyotes may not bite the 
throat but tear the flank 01- hindqualters of the sheep. 
Other atypical attacks may occur in late winter or 
early sprlng when sheep arc attacked fsequently at 
the hindqualters It 1s assumed that this behavior 
occurs because the winter wool is long and thick on 
the neck while the hind qualters are exposed and 
wlnerablc. 
Bitten 01- wounded lambs are commonly 
observed in herds that are exposed to coyote 
predation. These lambs usually have blood on their 
neck or throat, and often trail along at the rear of the 
herd. These b~tten lambs can be identified by 
drooplng ears, and a stil'f neck carried in a low 
hor~zontal position Actual damage may valy fsom 
little or no e\?emal blood to severed trachea, broken 
jaws, 01- hide tom fsom the sides 01- legs. These 
animals can be treated with a combination of 
antibiot~cs, pine tar, and insect repellents. 
Coyotes normally begin feeding on lambs in the 
flank or just behind the ribs. They often consume 
the v i m - a  fu-st; a milk-filled stomach is a preferred 
item. Multiple kills me common but many carcasses 
are not eaten 
Calves are also vulnerable to coyote predation. 
Evaluations are often difficult because everything 
but the skeleton and part of the hide may be 
consumed. Subcutaneous hemorrhage, blood on the 
ground and vegetation, and bloody drag trails help to 
characterize coyote predation. Some dead calves 
have tooth punctures in the nose or have the nose 
chcwed off 
Calves that have been bitten, but not killed, 
often have wounds in the flank, hindqualters or front 
shoulders "Bob-tailed" calves are often common 
when coyotes are involved. Dead calves and severe 
injuries to the genital 01-gans and hindquarters of 
cows are characteris~ic when coyotes attack cows 
while they are giving bilth. This is most common 
w ~ t h  first-calf heifers. 
Deer (Odocoileus spp ), especially fawns, are 
common prey for coyotes. Nielsen (1975) 
concluded that most mule deer fawns were killed in 
a mannel- sim~lar to the way coyotes kill sheep 
Bowns (1 976) examined a fawn that had extensive 
tissue damage to the forepast of the neck and tooth 
punctuscs in the hide. This fawn was bitten on both 
sides of the neck ii-om below rather than from the 
side as occurs with most lamb kills. Fawn carcasses 
ase olien completely dismembered and eaten which 
makes verification dilficult. Mature mule deer ( 0 .  
hrnrionus) are ol'ten pulled down fsom behind, but 
some carcasses show bites or bivises in the neck. 
White (1 973) I-ecognized coyote predation as 
the major mo~tality factor for young white-tailed (0. 
virginiar7us) fawns in south Texas. These fawns 
were frequently bitten in the head or neck, but some 
had bites in the back or elsewhere. Sometimes the 
only remaining evidence of a kill was blood, hair, 
and bits of flesh, bone, and fat. He concluded that 
coyotes stalled feeding at the abdomen and ate the 
stomach of young fawns whlch contained mainly 
milk. 
Prongholn (Atiti1ocapr.a arrrericaria) fawns are 
common prey of coyotes and other predators. Neff 
and Woolsey (1979) used hounds to locate 
pronghorn kills. The hounds were able to locate 
buried caches of meat, scat, coyote dens and sleeplng 
coyotes. Without hounds they would not have 
located the meager evidence of hall- and bone chips 
left after a coyote had consumed a fawn. Knowlton 
(1968) reported that fi-equently there was little 
evidence that remains after a fawn has been killed by 
a large predator. Fawns killed by coyotes may be 
totally consumed, leaving little more than blood 
spots on the grass. 
Tucker and Gamer (1 980) developed several 
criteria which they used to determine coyote 
predation on pronghorn. These criteria included (1) 
carcasses lying in the open with no attempt to 
conceal the carcass 01- sometimes the carcass was 
burled, (2) carcass remalns are scattered, (3) skull 
punctured 01- clashed, (4) underside of the neck 
bruised but w~thout puncture wounds, (5) broad 
bruises on the back of the neck and throat, and (6) 
the entire carcass consuli~ed except for the scattered 
leg bones, bone fragments, etc 
Spacing of the teeth of an average coyote is 
1 118 to 1 318 inches between the upper canines and 
1 to 1 114 inches between the lower canlnes. This 
spacing of punctures obse~ved in the h ~ d e  01- tissue 
may be an a ~ d  In contimi~ng coyote predation. 
Coyotes may also unnate, defecate and scratch after 
feeding 
Coyote tracks are more oval and compact than 
tracks of dogs. N a ~ l  marks are less prominent on 
coyote tracks and the tracks tend to follow a straight 
line more closely than dogs A normal coyote track 
is about 2 inches w ~ d e  and 2 1/2 inches long, with 
the h ~ n d  track slightly smaller than the front 
Other predators 
Although thls 1s a coyote symposium, we should 
also discuss the characteristics of other predatol-s In 
order to illustrate the differences between them, and 
make ver~ficatlons of predator ~nvoltlement more 
accurate 
Dogs. Domest~c dogs are a serious problem when 
they are pennitted to roam fieely This problem is 
increas~ng as housing subdivisions expand into 
histor~c sheep-producing areas , Domestic dogs do 
not no~mally kill for food and their attacks usually 
lead to Indiscriminate mutilat~on. True feral dogs 
are more apt to kill for food. 
Sheep-killing dogs usually work in palrs or 
larger groups and can inflict considerable damage. 
Sheep are lkely to be bitten in the head, neck, flank, 
ribs, and front shoulders, and the ears of mature 
sheep are often badly tom. Often sheep attacked by 
dogs are not killed but are mutilated to the point 
where they must be destroyed. The external 
appearance of some dog bites may not look serious 
but a necropsy reveals serious tissue damage 
(Bowns 1976). 
Domestic dogs can also be a serious problem 
w~th wintering deer herds. Dogs often harass or 
attack deer that are already stressed by cold 
temperatures, deep snow, and lack of forage 
Foses Both red and g a y  foxes may prey on 
livestock and poult~y. Foxes usually kill only young 
or small animals, but red foxes may kill larger lambs 
and kids, adult sheep and goats, and small calves 
Foxes usually attack the throat of lambs and kids, but 
sometimes i~lflict multiple bites to the neck and 
back. They do not have the size and strength to hold 
and immobil~ze adult animals, therefore repeated 
b~tes  may be required to subdue their prey. 
Foxes generally prefer the viscera and begin 
feeding behind the ribs, but some prefer the nose and 
tongue, and may even consume the head of small 
prey Red foxes are known to cany small carcasses 
back to the~r dens, which probably accounts for the 
d~sappearance of some prey. 
The spacing of the canlne teeth IS narrower than 
m coyotes Upper canlnes are approximately 112 to 
314 Inches apa1-1 on gray foxes and 11/16 to 1 inch 
apart on red foxes. 'They rarely cause severe bone 
damage, wh~ch helps to dlstlngulsh fox kills from 
coyotes or other large ca~nivores 
Fox tracks are typ~cally smaller than coyotes 
and foses have a shorter stride. Red fox tracks are 
normally about 1 314 inches wide and 2 114 Inches 
long; g a y  fox tracks are sl~ghtly smaller (Wade and 
Bowns 1982) 
Cougars. Cougars usually klll sheep and goats by 
biting the top of the neck or head. Removing the 
h ~ d e  will expose large holes made by the canine 
teeth. The cougar bite often breaks the neck. 
Cougars may hll older cwcs by biting the side of the 
neck or the throat. Cougars also may kill by 
grasping the head of a shecp, goat or deer and 
pull~ng the head unt~l the neck is broken. Cougars 
kill calves in the same manner as sheep and goats. 
Multiple hlls of shccp and goats by cougars are 
common; cases of 100 or more an~mals in a single 
incident have been recorded. The U.S. Fish and 
Wildlife Service Animal Damage Control in Utah 
documented an incident In June 1985 where cougars 
killed 6 adult sheep and 1 12 lambs in one incident 
Usually only 1 or 2 of the sheep are fed upon by the 
cougar. 
Larger animals such as deer, elk (Celvis 
catiadetisis), horses, cattle, and probably bighorn 
sheep (Ovis spp ) are killed by cougars leaping on 
the shoulders or back and breaking the neck. Claw 
marks on the neck, face, back, and shoulders are 
charactei-ist~c of these k~l ls  The neck may be 
broken by the b ~ t e  or when the animal falls. 
Cougars often cany or drag their kills to a 
secluded area to feed, leaving frequently leaving 
drag marks at kill s~tes. They may feed on the 
viscera, neck, shoulders or h~ndqua~tel-s. Like most 
canivores, the fceding pattcln varies from ~ndiv~dual 
to individual They frequently tly to cover their k~lls  
w ~ t h  soil, vegetatlon, or snow The vlscera, 
particularly the rumen, may be covered separately. 
"Scrapes" or "scratches" composed of mounds of 
soil, grass, leaves, or snow are often found around 
carcasses and trails 
A cougar's canme tceth are massive compared 
to coyotes or bobcats The uppel- canlnes of an adult 
cougar are approsunatcly 1 112 to 2 114 inches apai-t, 
the lower teeth are approximately 318 to 112 inch 
nan-owes 
Cougar tracks are relat~vely round and rarely 
show claw marks Tracks of the front feet of a large 
adult male may be 4 inches or more long and about 
the same or slightly less In width; hind tracks are 
slightly smaller The rear pads of the feet are 
d~stinctly d~lferent fi-om those of other carnivores 
Typically there are 2 lobes on the anterior and 3 on 
the poster~ol- poltion of the rear pads 
Bobcats A bobcat's hunting and k~lling behav~or 
is similar to that of the cougar's On small prey such 
as lambs, kids and Ih\vns, thcy bite inlo the skull or 
back of the neck. There may be claw marks on any 
part of the body, but they are usually concentrated on 
the neck, shoulders and ribs On larger prey, they 
leap on the back and shoulders which also leaves 
claw marks 
Bobcats also bite the neck or throat where they 
secure a lethal hold on the prey until it stops 
st~uggling. This grip over the larynx suffocates the 
animal quickly and there IS little bleeding. They 
generally begin feeding on the viscera by entering 
behind the ribs. Bobcats, like cougars, also tend to 
cover their prey. 
Bobcats are serious predators of pronghorn 
Beale and Sm~th (1 973) found that bobcats were by 
far the most s~gnificant cause of mortality among 
pronghorn fawns in the Great Basin All fawns 
killed by bobcats, except the vely young, had 
numerous tooth punctures on the neck just behind 
the head. Death apparently resulted from 
strangulation and canlnc tooth punctures in the neck. 
Most kills (66%) took place near some type of 
diy wash or drainage channel In every instance 
fawn carcasses were e~ther dragged or can-ied from 
the kill sites Small fawns were carr~ed to shrub or 
h-ce cover and thc only I-emalns were the legs, bits of 
sk~n ,  and skull fragments. Larger fawns were 
draggcd mto or toward a wash 
About half thc time attempts were made to 
cover the carcass with vegetation, gravel, sand, and 
hail-. Usually the head and h ~ n d  quarters were the 
only parts covered. The carcass may be covered, 
moved and eaten, and covered again. The neck and 
hind quarters, pa~ticularly the anal area were fed 
upon most often Seventy five percent of the time 
the bobcat returned to feed again on the carcass. 
Adult bobcat canine teeth are normally 314 to 1 
~ n c h  apart and the spacing is easier to see than on 
fox or coyote kills because bobcats no~mally do not 
b ~ t e  repeatedly 
Like cougar tracks, bobcat tracks are round and 
lack claw marks, but are only 2 to 3 inches in 
d~arneter. The rear pad is relat~vely straight in front, 
w ~ t h  a lobe at each side of the posterior end (Wade 
and Bowns 1982). 
Rear:s Grizzly bears (U. ar.ctos) are omnivorous 
and consume large quantit~es of vegetation and wild 
fruits in addition to carrlon and prey. They will kill 
any domestic an~mal but cattle and sheep are their 
most common prey. 
Roy and Dorance (1976) found that grizzly 
bears usually kill with a blow to the anterior region 
of large prey which results In a broken skull, neck or 
shoulder bones. Cattle may have claw marks on the 
face or shoulders and tooth malks on their head, 
neck and back. Smaller prey are killed by a bite to 
the head or neck. Murie ( 1948) insisted that the 
@y bear does not attack by striking with its paws, 
but instead selzes and holds its victim with its "arms" 
so as to adminlstel- the killing bite. 
Grizzly bears PI-efer meat over viscera They 
characteistically cover their prey and readily feed on 
can-ion (Roy and Don-ance 1 976). 
Black bears (U. an~er.lcana) are also 
omnivorous and vegetation IS a s~gn~ficant part of 
their d ~ e t  They attack adult cattle and horses but 
seem to prefer sheep, goats, calves and pigs. Griffel 
and Basille (I 98 I) found that sheep killed by bears 
typically had 2 or more puncture wounds in the nape 
and/or skull accompanied by subcutaneous 
hemosshage. Apparently a deep bite to the nasal or 
facial regions of sheep Induces shock and paralysis. 
In this respect, the biting and killing method of a 
bear differ fi-om that of other marnrnal~an predators 
which lnvolves e~ther sulTocation or brain and sp~nal 
cord damage 
GriJTel and Bas11 (1981) made reference to 
obselvations made by sheepmen and predator 
conisol agents where: 1 ) bears straddle and claw the 
backs of sheep, 2) there were bites to the neck, and 
3) there was evidence of claw~ng and batting One 
agent reported that he had seen more sheep killed by 
powe~ful blows than had been killed by neck bites. 
They concluded that the usual mode of attack in their 
study had been a gl-asplng actlon rather than a 
strhng blow. All subcutaneous hemol~hages were 
associated w ~ t h  bite wounds, and evely bear-k~lled 
carcass bore claw-~nfl~cted lacel-at~ons over the 
cervical, thol-acic or lumbar regions. 
Gr~ffel and Basil (1981) reported that the 
feeding point of ently was the udder (74%) or the 
flank (26%); on all lactating ewes the uddcr was 
consumed first The heal-t and liver were eaten next 
and then the fleshy parts. Bears tend to skin their 
pl-ey, leav~ng the invested skin attached to the bones 
Black bears commonly bite and claw the top of 
the neck and back of cattle, but smaller prey are 
sometimes killed with a blow to the head or neck. 
G~fl ln  and Basile (1 98 1 ) reported more claw marks 
on black bear kills than gsi-izzly bear kllls, and Roy 
and Dorrance (1 976) reported that black bears also 
readily feed on can-ion. 
Bear tracks are d~stinctive with 5 toes and a 
broad, sholt pad on the front foot and 5 toes with a 
triangular pad on the rear foot The rear foot 
oversteps the front foot in nolmal travel 
Eagles Both bald (Haliaeefus leucocephalus) and 
golden eagles are known to prey on livestock. 
Eagles are eficlent predators and can cause severe 
losses to livestock. Genesally they prey on young 
annuals, plimaily sheep and goats, although they are 
capable of kill~ng adults. 
Talon punctures are typ~cally deeper than those 
caused by canine teeth and are somewhat triangular 
to oblong in shape. Compress~on fractures of the 
skulls of small animals may occur and bruises are 
common. Small lambs or kids are seized anywhere 
on the head, neck or body; lambs are frequently 
grasped from the front or side. Larger an~mals are 
killed by multiple talon stabs into the ribs and back. 
The talons punctuse the large internal altenes and/or 
lungs causlng masslve ~ntelnal hemon-hage (Wade 
and Bowns 1982) 
Eagles skln out the carcasses, tu~ning the hide 
~nside out On ve~y oung animals the r ~ b s  are neatly 
cl~pped off close to the backbone and eaten. 
Somet~mes they c l ~ p  off and eat the mandible, nose, 
and eass. Often, the palate and floor pan of the skull 
are removed and the brain consumed. 
Eagles may defecate around a carcass, leaving 
charactel-istic white streaks of feces on the soil and 
their tracks may be visible in soft or dusty soil 
Bcale and Smith (1973) found a 12 day-old 
pronghorn fawn that had been killed by a golden 
eagle. They observed eagle feathers, wing marks 
and foot tracks in the sand. The fawn had talon 
punctures on the back and side and about 2 pounds 
of tissue had been eaten fi-om the neck, chest and leg. 
Goodwin (1 977) obselved eagles in the process 
of killing pronghorn fawns in Wyom~ng. He 
concluded that the fawns d ~ e d  from shock, 
eshaust~on, and ~ n ~ t ~ a l  feeding attempts comb~ned 
with muscle and possiblc spinal damage. Deep talon 
cuts were obsc~vcd In the thoracic and lumbar 
regions. 
M~scellaiieolrs i~i.edutoi.s Other species including 
ravens (Co~vzrs spp ), crows (Corvzrs spp.), 
magpies, hawks, gulls, hogs and rattlesnakes 
(Cro~alzrs pp ) may cause locallzed problems. It is 
beyond the scope of this paper to describe these 
predators In detail 
Conclusions 
The intent of this paper has been to compile and 
PI-esent the killlng and feedlng charactel-istics of the 
major North Amel-ican predators as they apply to 
domest~c livestock and game specles. The 
descript~ons presented hcre can be used in 
conjunction with the sllde sel-les developed by 
Bowns and Wade (1980,Revised), and thc 
photogl-aphs In Pi~ocetir~i~es JOT Evalziat~t~g 
Preclatioti oti Livestock arid Il'rl~il'life (Wade and 
Bowns 1982). 
It is often diticult to dete~mine the cause of 
death of an animal and to d~stlngulsh between the 
killing and reeding patteins of the different predator 
spccles. However, expel-ience and knowledge of 
physical evidence, such as presented here, should 
provide a level of proficiency and confidence in the 
verificat~on of predator kllls 
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PUBLIC ATTITUDES TOWARD PREDATORS IN TEXAS 
DOUGLAS REITER, Department of Forest Resources, Utah State Univers~ty, Logan UT 84322-52 15 
MARK W. BRUNSON, Department of Forest Resources, Utah State University, Logan UT 84322-521 5 
ROBERT H SCI-IMIDT, Department of F~sheries and Wildlife, Utah State Univel-sty, Logan UT 84322-5210 
Abslract: A national sluvey of public att~tudes toward wildlife damage management provided the opportunity to 
extract a data set from Texas respondents on predator management Texas respondents were generally more 
supportive of predator control for livestock protection than the rest of the U S., although the overall trends were 
similar. Lethal technologies scored low on a humaneness scale. 
A nat~onal survey of public attitudes toward a 
vanety of wildlife issues provided an opportun~ty to 
explore the attitudes of Texans toward predators A 
mail survey was sent to 1,500 randomly selected 
households throughout the Un~ted States The 
sample was strat~fied Into 5 regions. Pacific coastal 
states (AK, CA, HI, OR, and WA), the 
inteimountain west states (AZ, CO, ID, KS, MT, 
NE, NV, NM, ND, SD, UT, and WY), Tesas and 
Oklahoma, the southeastern states (AL, AR, FL, GA, 
KY, LA, MS, NC, SC, TN, and VA), and the 
northeaste~n states (CT, DE, DC, IL, IN, IA, ME, 
MD, MA, MI, MN, MO, NIH, N3, NY, OH, PA, RI, 
VT, WV, and WI) Each I-eglon received 300 
sulveys. 
The population smveped was adults (18 years 
and oldel-) l ~ v ~ n g  in a household with a telephone 
Sis hundl-ed usable suveys were received, ~nclud~ng 
85 from Texas Two-hundred suiveys were 
unusaL>le, resulting in an overall pal-tic~pation rate of 
47.1%. A telephone suivey of 10% of the 
non-respondents indicated no obvious differences 
between respondents and non-respondents 
Attitudes and beliefs of respondents from Texas 
were compared to the respondents from the other 49 
states, plus the District of Columb~a Predator 
management-rclated quest~ons and responses are 
summarized below Means presented below 
represent the average response on a scale fiom 1 to 
5. 
1. On a scale of 1 (strongly disagree) to 5 (strongly 
agree), more Tesas respondents believed that ~t was 
acceptable to remove predators that prey on 
livestock ( a =  4 0) than thc rest of the U S 
( R  = 3.6) (p = 0 02). Asked another way (more 
generically, i e , "Predator control rs unaccep- 
tuble"), there was no difference in mean response 
scores between Tesas respondents mean response 
2 2) and the rest of the U.S. ( n =  2 4) (p = 0.09) 
Mien aqked whether predators are a risk that comes 
with the busmess of livestock product~on, there was 
no d~lference between Tesas respondents ( n =  3.4) 
and the rest of the U.S. (P=  3.5) (p = 0.48). 
2. When asked whether it is unacceptable to remove 
native predators that prey on threatened and 
endangered species, there was no s~gnificant 
d~flerence between Tesas respondents ( a =  2.9) and 
the rest ofthe U S. (x= 2.9) (p = 0.99), again using 
a scale of 1 (strongly disagree) to 5 (strongly agree). 
3 On a scale of 1 (strongly d~sagree) to 5 (strongly 
agree), more Texas respondents believed that the 
careful use of poisons was an acceptable method to 
control wildl~l'e populations (P=  2 5) than the rest of 
the U.S. ( R =  2.2) (p = 0.03), although the overall 
mean response was negative (i.e , lean~ng towards 
"d~sag-ee"). 
4. On a scale of 1 (strongly d~sagree) to 5 (strongly 
agree), fewer Texas respondents believed that 
w~ldlife populat~on should not be managed by 
humans ( n  = 2.1) than for the rest of the U S. ( x =  
2 4) (p = 0 04) On a scale of 1 (strongly disagree) 
to 5 (strongly agree), more Texas respondents 
en-joyed hunting ( x =  3 1 vs. 2.6 for the rest of the 
u.s , p  = 0 01) 
5. On a scale of 1 (not important) to 5 (extremely 
important), there were no difirences between Texas 
respondents (% = 3.0) and the rest of the U.S (3.2) 
when asked hau ~mpo:-tani 11 urns thar the federal 
government he m \ d ~ ~ e i  m controillng predators 
thai thl-ealen ii\~esioch #,r; = (1.24 ! Slmllar)!: there 
were no d~ffercnces herueen Texas I-espondents ( a  
= 3 1 i an5 mi. ;.esi of rhe i' S : = 3 .,' j when asked 
hou mpoimi! W~LE 11 tiin1 the federaj government be 
~ n ~ ~ o l v e d  m rcmi?i7mg animals preymg on 
endangered spcclcs ~r = 0 76'1 
': Responcicnts were asked to rank a \ranen. of 
u.ild11fe damage management technlques on a 
humaneness scale. from I inor humane! to 5 (veq 
hmane)  Texaq respmdents j 2 = 2.2) perceived 
!dhm?ung anunals 6om anzl-afi as more humane than 
the rest of the U.S j I 9'1 y: = O 061. however the 
mean response was still on the "not humane" half of 
the scale For calilng an3 shooting. the Texas 
respondents' mean score i = 2 91 was the same as 
the res: ofthe l i  S = 2 - !  ( p  = 0 261 Although 
the mean i.esponsc urns still negatlire. Texas 
respondents wei-e mare posltlve i a =  2 7 )  than the 
rest o:'the lL: S : x = l 2  I on ranking the humaneness 
of polsons foi. pl-edaiors = it O(G'I 
8 Texas respondents urere ven negatlve tomw-d 
leghaid traps on a humaneness scale. w~th a mean 
resp;mse score of i t;. a perception shared h! the rest 
of thc 1T.S respondents (, x = I 7 )  ~r, = 0.26) Neck 
snare. and foo: snares follawed n slmilru- pattern 
Texn  respandents were more posltlve toward 
human guards and Ir~lcstocl, herders on o 
humaneness .scale. ~ 7 1 t h  a mean response score of 4 4 
com~ared tcj a mear response score of 4 1 for the 
rest ofthe:: ui = (1  j14 
9 Fertilip. cnntrol ranked high on a hnmaneness 
scale with Texas respondents r d m p  fenlht\. 
control more humane j n= 4 3) than the rest clf the 
U S ( 2 = 4.0 ! ~n = !) 05'1 Gmc! d:)gs also ranked 
hrgher for Texas respondents ( a= 4 0) than for the 
restofthel? S ! a = ?  h , y , = O O 3 )  
Texas respondents overall were more 
supponlve of predator control for l~vestock 
protechon thnn I-esponden~ from the rest of the U . S. 
However. like the rest of the U.S., Texan 
respondents were negatlve toward lethal control 
technlques for managlng predators Lethal control 
altemahves such as shootmg, polsons, neck and leg 
snares. and leghold traps were ranked lower on a 
humaneness scale than non-lethal methods 
These findmgs may asslst decls~on-makers and 
managers m hoth just~firnp cun-en1 propams and m 
deveioping a .sense of hou the puhl~c ma! respond to 
future prop-oms However, for the most part these 
are differences In degree of suppoll or opposition. 
not ~n the overall preferred dlrectlon of wildl~fe 
damage pollc! 
Funding for this propam was pro~~ided m part 
b! the Unlted States Departmen1 of Apculture's. 
Anlmal and Plant Health lnspectlon Senqce 
(API-IISI However. this puhllcntlon ma! not 
necessaril!. express APHIS ' vieurs 
COYOTES AS PART OF TEXAS' FUR TRADE 
JERRY L. COOKE, Texas Parks and Wildlife Department, 4200 Smith School Road, Austin, TX 78744 
Abstract: One factor that potent~ally affects coyote (Canis lafmns) abundance is I-ecreational and commercial 
trapping for harvest of coyote f i ~ .  Herein I repoi-t how the economic impact of coyote pelts has changed from 
1979-94 for landowners and trappers from the Texas. Pelt values accounted for over 50% of the variability 
observed during this 15-year period. The future of this economic ~ncentive for managing coyotes is questionable 
because of the impending ban by the European Union of furs from North America. 
$200,000 in 1994 (Figure 2). 
Coyotes enjoy a mixed reputation in Texas. 
While some fa~mers and ranchers in Texas view 
coyotes as veimin (i e , obstacles to the successful 
operation of then propei-ty), others at the opposite 
ex-tr'eme view coyotes in the~r more romantlc role of 
ivstic surv~vors in a myth~cal "west". 
In reality, coyotes are ellicient predators whose 
impacts on the range are as varied as the systems 
within which they exlst. In some areas of Texas, 
their influence has resulted in stable systems that 
pi-ovide both long- and short-tenn benefits to land- 
owners (e.g , white-tailed deer (Oclocorleus virgiii- 
iaiius) populations in south Texas). In other areas, 
coyotes may be I-esponsible for the volatile and 
unpredictable nature of systems that make economic 
planning problematic. 
The mixed reputation of coyotes is a reflection 
of landowners' values and the expectations that they 
have for their propel-tles One way of ameliorating 
the perceived negative impacts of coyotes on the 
range is by making their management a positive 
econonlic element tn a landowner's operation 
I%stoiically, tlus has been accomplished through the 
fur trade. 
Hanlcst trends 
The repoi-ted hat-vest of coyotes in Texas has 
varied over the past 15 years, but has generally 
followed a downward trend (Fig I) The period 
1980-87 dernonstratcd a flat but variable haivest of 
pelts, whle 1988-94 showed a similar pattern, but at 
a significantly reduced level Over this 15-year 
interval, Income from these pelts in Texas has 
dwindled f?om over $1.6 million in 1979 to less than 
Some presetvation groups have pointed to the 
declining coyote harvest (and fur harvest in general 
which reflects similar trends) as an indicator of over- 
haivcst. They often use these data to support pro- 
posals calling for ~ncreased protection of all fur- 
bearing an~mals. Such effoi-ts by pi-eset-vation 
goups have resulted in the banntng of leg-hold traps 
in some comn~unities, and in some cases, has re- 
sulted in the banning of all trapping within a state 
(e.g , Arizona). 
The val~dity of such an argument is simple to 
evaluate. If the reduction of harvest was due to 
declining numbers of coyotes, one would expect 
prlces per pelt to increase in the face of a stable 
demand and declin~ng supply. In other words, a 
stable demand and a declining supply should be 
denionstrated by a negative correlation between 
price per pelt and number of pelts taken 
In Texas however, pi-ice per pelt reflects a 
s~milar patten1 to number of pelts taken (Figure 3), 
and the relationship between these 2 variables IS 
significantly similar (X ,  is positive, df = 13, F = 
16 09, P < 0.001). Pnce alone explains over 50% of 
the variation in number of pelts taken (R,$ = 0.52). 
T h ~ s  uggests that pelt price rather than the avall- 
abil~ty of coyotes for harvest regulates the number of 
pelts taken in Texas. There is no indication that 
coyote populations in Texas are declining 
Conclusions 
This vely simplistic analysis of Texas fur 
hruvest suggests factors that influence price per pelt 
regulate coyote hatvest in Texas to a large degree. 
Fashion, and the changing custom of wearing fur 
garments, may be sign~ficant among these factors 
Fur houses in New York and elsewhere announce 
the prices that will be paid for pelts from the various 
furbearing species, and trappers then decide whether 
it will be feasible to trap rather than follow some 
other economic pursuit. 
Some have suggested that trappers have been 
forced to give up trapping because of this economic 
relationship, and may not be able to return to trap- 
ping even if prices returned to 1979 levels. While 
the European Union's ban on furs from North Amer- 
ica is expected to have a major impact on the fur 
market in the United States, it's influence on coyote 
harvest in Texas may not be significant The 1994 
harvest of approximately 20,000 pelts does not 
suggest a highly organized trapping effort. 
The loss of a viable market for coyote fur may 
place more emphasis on coyote removal as an active 
or proactive management strategy for other species. 
This may be difficult if many who have traditionally 
been trappers have taken up other sports or voca- 
tions. It cannot be assumed that coyote removal will 
be coincidental to normal fur harvest if fur harvest is 
not continued as a commercial pursuit. 
Figure 1.  Number of coyote pelts sold in Texas from 1979-94 
Figure 2 Value of coyote pelts sold in Texas from 1979-94. 
Figure 3. Average price for a coyote pelt sold in Texas from 1979-94 
PRESCRIBED COYOTE CONTROL TO DEVELOP AN 
"OPEN WINDOW POLICY" FOR ENHANCING DEER SURVIVAL 
TOMMY L. HAILEY, Tesas Parks and Wlldllfe Department, Ivan Star Route Box 67, BI-eckenridge, TX 76424 
Abstract: Management of white-ta~led deer (Odocoileus virginiarius) holds a h ~ g h  priority on many Texas ranches 
today The use of "prescl-ibed aerial control" of coyotes to increase white-tailed deer productivity may prov~de 
wildlife managers with an economical management tool. I descr~be two case studies of ranches in the Lower 
Rolling Plains where prescribed coyote control has increased the deer herds 
Today's wildl~f'e managers are faced with pro- 
ducing a conunodity that is acceptable to both 
landowners and hunters. The development of a 
pl-oduct~ve whte-ta~led eer herd that can susta~n an 
annual halvest w~l l  sat~sfy this need, by prov~ding 
lando\+qia-s \vith add~tional Income and hunters with 
a quality recl.eational oppol-tunity 
Howevel-, there are many factors that affect the 
product~on of \\i~ldl~fe that is being managed 
Factors such as drought and above nommal rainfall, 
w ~ t h  its associated Iloodlng, are beyond the control 
of wildllfe nianagess 14oweve1-, livestock grazing, 
harvest quotas, brvsh clearing and predation can be 
controlled, indeed manipulated, to enhance wildlife 
populations and the~r habitat. 
The enhancement of wildlife habitat IS of cr~tical 
irnpo~tance to the manager slnce habitat is the basis 
of product~on for any species. Other aspects of 
populat~on management wh~ch ate of prime impos- 
tance to the \vildl~fe manager are the genetic qual~ty 
of the herd, deer dens~ty, sustained I-eclultn~ent Into 
the herd, and proper liai-vest quotas 
I will I-ep01-t on t\vo case stud~es (I e , ranches) 
where I have worked 111 recent yeal-s to manipulate 
coyote densities as a tool for I~CI-easing deer sur- 
\rival 
Davcnport Ranch-Fisher County 
compr~sed primanly of low rolling hills bisected by 
one malor drainage w~th numerous draws Mesquite 
(Pi.osopis gla~idulosa) 1s the dominant woody 
specles inhabiting the upland, w ~ t h  light to moderate 
stands of western soapbelly (Sapind~rs dtum- 
n~onclir), ch~ttam (Burrtelra lanugi~iosa), elm (Ulmus 
spp ), cottonwood (Pop~ilus deltorcles), and associ- 
ated small blush specles occun-lng m the water 
courses 
A helicopter sul-vey was conducted on Septem- 
ber 23, 1986, to dete~mlne the status of the white- 
talled deer herd and turkey population (Table 1; Fig. 
1). A total count of the ranch indicated a deer density 
of 1 deer per 105 acres; a low population level 
considel-ing the availabil~ty and cond~tion of the deer 
habitat on t h ~ s  ranch During the survey, we ob- 
served 17 coyotes and only 12 white-tailed deer 
fawns. When \ye calculated the fawn:doe ratio, this 
ranch had only a 21% fawn sulv~val, compared to an 
average 61% fau8n su~vival on other managed 
ranches in thc same general area (Table I). 
Dres management recornmendat~ons were made 
wh~ch  Included control of the coyote populat~on, 
establishment of food plots, use of commercial high 
protein f e d  duing vegetatively stressful penods and 
proper halvest of the deer herd A predator control 
prop-arn was ul~t~ated on the ranch during the winter 
and spring of 
1986-87 which I-emoved 54 coyotes by ground 
contsol (calling) and aa-ial hunting The majority of 
those coyotes were removed by aerial hunting 
In September 1986, 1 had the oppoitunity to Controlling the coyote population just prior to 
begin u'osk \v~th Ms Bob Davenport on a w~ld l~ fe  the deer fawnlng period IS refen-ed to as the "Open 
management plan for the 9,600-acre ranch he owns Window Polrcy". The primary purpose is to allow 
and operates in F~shel- County, Texas. This ranch deer fawns in a heavily-populated coyote area from 
lies within the Lowel- Roll~ng Pla~ns geographic area 6 to 8 weeks of relative freedom from the coyote 
and 1s v e ~ y  typ~cal of tli~s reglon. The ranch 1s 
Table 1. Deer population data recorded from aerial sunreys on the Davenport Ranch, Fisher Co., TX, 
1986-94. 
predation After 8 weeks, fawns are probably 
mature enough to start running with the does, hence 
less vulnerable to coyotes 
The nest year, a helicopter survey was con- 
ducted on November I, 1987 This survey indicated 
a deer density of 1 deer per 66 acres, 74% fawn 
survival and a reduced coyote population, with just 
7 coyotes being observed during the flight. The 
average fawn su~vival for other managed ranches in 
the area was 65%. The aerial hunting method, 
utilizing a helicopter, was again used to reduce the 
coyote population in April 1988, wh~ch resulted in 











The following fall, the aerial survey conducted 
on October 4, 1988, ~ndicated a deer density of 1 
deer per 57 acres, 59% fawn survival and 23 coyotes 
were observed during the ilight The average fawn 
survival for other managed ranches was 55 %. 
Control measures, with the use of a hellcopter, were 
again brought to bear on the coyote population 




















In the fall of 1989, duc to the availability of the 
helicopter, aerial hunting of coyotes was imple- 
mented just pr~or to the aer~al deer survey. On 
October 3, 1989,25 coyotes were removed, br~nging 
the yearly total for 1989 up to 62 coyotes removed 
from the ranch. The result of the aerial survey that 
fall indicated a deer density of 1 deer per 57 acres 
with a 56% fawn sui-vival. The average fawn sur- 
vival for other managed ranches was 5 1 %. 
In the followmg 3 years, 1990-92, a total of 27 
coyotes were removed from the ranch by aerial 
hunting. This total includes 14 coyotes removed in 
October, 1990, 5 removed m October 1991, and 8 
removed in November 1992. Aerial deer surveys 
conducted dur~ng 1990, 199 1, and 1992 indicated 
deer densities of 46, 48 and 38 acres per deer, 
respect~vely The fawn su~vival percentages for t h ~ s  
3-year period were 72%, 67% and 54%, respec- 
t~vely. These data compare to an average fawn 
survival for other managed ranches in the area of 












Fawn Survival for: 
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(%) (%) 
In 1993, no coyote control measures or aerial 
deer suvey was conducted In the fall of 1994, aerial 
hunting of coyotes was used to remove 1 1  coyotes 
from the ranch. The aerial deer survey for 1994 
ind~cated a deer density of 1 deer per 40 acres and a 

















other managed ranches in the area was 47% 
Since the start of the management program on 
the ranch in 1986, when 9 1 white-tailed deer were 
obse~vcd (I deer per 105 acres) and predator control 
measuses were subsequently implemented, the deer 
herd has been increas~ng with a concomitant de- 
crease in the coyote population. By 1994, the 
obseived deer population had increased to 241 
animals with only 1 1 coyotes being seen and subse- 
quently removed fsom the ranch. 
Hooltcr Ranch-Haskcll County 
In 1992,I I-eceived a request f om Jane Hooker, 
of the I-looker Ranches, for management recom- 
mendations on their 7,826-acre I-anch in I-laskell 
County. T h ~ s  ranch also lies in the Lower rolling 
Plains area. A helicopter sulvey conducted on 
Octobei- 9,1992 counted 82 white-tailed deer (1 deer 
per 95 acres) (Fig. 2). Seventeen white-tailed deer 
fawns were obseived, indicating a 50% fawn sur- 
vival, and 34 coyotes were seen during the same 
fl~ght The average fawn su~vival on other ranches 
in the area was also 50% 
Based on these data, I recommended that a 2- 
hour helicoptel- fl~ght be conducted for coyote 
wntsol duling the spnng of 1993 to provide the dees 
herd with the "Open I~l~iticiw Policv" to enhance 
fawn sulvival. The Ilight'was conducted on April 
19, 1993, w ~ t h  33 coyotes be~ng observed and 32 
removed. 
On October 5, 1993, an aerlal suivey was 
conducted on the ranch w ~ t h  106 white-tailed deer 
recorded (1 deer per 74 acres), I I coyotes were 
obse~ved d u n g  the Bight Deer fawn su~vival was 
87% based on the obse~vation of 34 fawns during 
the suivey. This compared to an average fawn 
suiv~val of 57% for other ai-ea ranches during the 
same year 
On April 19, 1994, a 2-1iou1- helicopter flight 
detected and removed 14 coyotes. On September 
29, 1994, an aerial sulvey counted I0 l deer ( l deer 
per 78 acres) and only 2 coyotes Fawn sulvival was 
62 % based on the obseivat~on of 28 fawns during 
the suu-vey. The average fawn survival for other area 
ranches was 47% The area whel-e the ranch is 
located was subjected to estremely diy cond~tions 
during the pel-iod fsom latc- May thl-ough Septem- 
ber. 
Duing the aerial suivey conducted on October 
9, 1992,3 feral hogs were obse~ved. However, the 
next aerial sui-vey (October 5, 1993) detected 33 
feral hogs with 25 of them being young of the year. 
Add~t~onally, numerous occurrences of rooting 
activity wa-e located thsoughout the ranch during the 
flight. The September 29, 1994, aerial survey 
recorded only 14 feral hogs (5 of them young of the 
year) with no ~ndication of fresh rooting being 
observed The extremely dry summer of 1994 may 
have forced the hogs to move the short distance 
south to the Lake Stamford area. 
The "Open Window Policy" IS an attempt to 
enhance fawn survival through the use of an eco- 
nomical control method for coyotes that can be 
applied to ranches in the Lowel- Rolling Plains area.. 
The average yearly cost of such a control method 
will be in $500 to $600 range. However, this cost 
can easily be justified with the increased revenue 
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Figure 2. Deer population trends estimated by aerial surveys on the I-Iooker Ranch, Haskell Co., TX, 1992-94. 
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COYOTES: A POTENTIAL ROLE IN DEER HERD MANAGEMENT? 
ROBERT E. ZAIGLIN, Malrlson Interests, Ltd., 602 Dorothy Jo, Uvalde, TX 78801 
Abstract: White-tailed deer (Odocoileus virginianus) herd control is one of the principal problems faced by 
private lands game managers. Private landowners unwilling to permit adequate numbers of sport hunters on their 
lands force deer managers to exercise other harvest strategies, one of which is natural population control by 
protecting the coyote (Canis latrans). I describe an ongoing case study in South Texas where predation by coyotes 
may be considered a positive tool in deer population management. 
Predation by coyotes on white-tailed deer in 
South Texas is recognized as one of the major 
conhibuiing factors to deer mo~tality. The combined 
impact of disease and predation represents the major 
causes offawn moltality, with losses exceeding 50% 
of the fawn crops in some years (Cook et.al. 1971). 
Population studies conducted on the Welder 
Wildlife Refuge in South Texas indicated that fawn 
mortality is the major factor stabilizing this dense 
and generally healthy herd (Knowlton, 1964). 
Beasom (1 974) demonstratkd that deer popula- 
tions in South Texas could be increased with a very 
intensive predator control program. Since coyotes 
represent the primary predator of deer (excluding 
man) in South Texas, and many deer herds are 
increasing uncontrollably, it may be wise to consider 
the coyote as a management tool instead of a hin- 
drance, particularly on large land tracts The follow- 
ing is my personal view of the coyote and the role it 
plays in the intensive deer management program 
conducted on the Harrison Piloncillo Ranch. 
Study area 
An intensive deer management program was 
established on the Hail-lson Piloncillo Ranch in 
1983. The objective of t h ~ s  progsam was to enhance 
and sustain the quallty of deer on the ranch in con- 
junction with generating some income from deer 
hunting 
The 107,000-acre ranch is located approxi- 
mately 4 miles south of Catarina, Texas and lies at 
the junction of Dirnmit, Webb, and LaSalle counties. 
The ranch is not high-fenced; however, it is divided 
into 2 management units: (a) the core area and (b) 
the peripheral unit, which takes in portions of both 
sides 0fU.S. Hwy. 83. The peripheral unit is leased 
or package-hunted commercially in order to serve as 
a buffer zone protecting the core area from external 
hunting psessure 
Vegetation is dominated by a woody brush 
overstory with a diverse her-baceous association 
dependent upon seasonal precipitation. Associations 
of cenizo, guajillo, blackblush, Texas kidney wood, 
and brazil occur on upland shallow, sandy loam 
soils. Upland areas with deep soils are characterized 
by honey mesquite (Prosopis gla~idulosa), prickly 
pear (Opuntia spp.), Texas hog-plum (Colubrina 
texetuis), and deseit youpon (Schaefferia cunei- 
folia). Woody species such as honey mesquite, 
whitebrush (Aloysra gratiss ima), granjeno (Celtis 
pallida), Mexican persimmon (Diospyros texana), 
and huisache (Acacia snrallii) occur on the deep 
loamy, bottomland sltes. 
Topography varies fsom areas with llttle relief 
to gently rolling ten-ain interspersed with drainages. 
The dominant soil type is fine sandy loam. Average 
annual rainfall IS 22 inches for this region. 
No supplemental feeding for the deer is con- 
ducted, however, a total of 206 acres (36 plots) are 
planted to oats annually. These planted food plots 
repl-esent a substantial amount of highly-digestible 
forage during the critical "late-winter" period when 
bucks are recovering nutritionally from the rut. The 
food plots also enhance selectively harvesting of 
deer. For example, the efficient harvest of older 
bucks exhibiting undesirable antler qualities, and the 
prevention of halvesting buck fawns during our doe 
harvests, are facilitated simply by allowing hunters 
adequate time to adequately judge their target. 
Roller-chopplng along roadways is conducted 
on an annual basis Approximately 10 miles of road- 
sides are chopped annually, with widths va~ying 
from 50 to 150 feet By reversing the successional 
stage of plant growth by roller-chopping, an addi- 
tional source of high-quality forage is made ava~lable 
to all game spccles Roads are chopped on a three- 
year rotation. 
Prescribed fire is also palt of the program; 
however, the acreage burned is dependent on the 
fuel load. These fuel loads are dependent on the 
climate, which can valy dramatically on an annual 
basis. 
White-tail deer are the only big game animals 
on the ranch. Coyotes are abundant and protected 
They represent a sign~ficant impact on both fawn 
survival and post-rut mortality In bucks 
Cattle grazing (by steers) occurs, but never 
exceeds one animal unit per 40 acres Grazing is 
lightest to non-existent within the center of the core 
area. Depredat~on of cattle by coyotes has not been 
observed. 
Dcer population management 
S ~ n c e  1983, a total of 345 bucks has been 
7 .  harvested h i 1  the core area 1 he halvest of mature 
bucks ranges ti-on1 one adult pel- 1,666 acres to one 
adult per 4,230 acres 'l'he buck harvest is con- 
trolled at a low rate 111 an attempt to increase the 
number of bucks reaching the older age classes of 6 
years or older, at wh~ch t ~ m e  our harvest data indi- 
cates the largest antlers are developed. 
Since 1983, a total of 1,325 does has been 
removed from the core area. Lactation data are 
collected fiorn all females harvested Percent lacta- 
tion of 1 5-yea--old-plus does ranged from a low of 
9% In 1992 to a high of 62% in 1985. 
Problems in artaining an adequate doe harvest 
on private land can be numerous F~rst, the private 
landowner must be convinced of the necessity of a 
female deer harvest Second, large numbers of 
hunters are noimally required to accomplish an 
adequate doe harvest on large landholdings. The 
problem here lies in the fact that few landowners are 
willing to open their gates for a large number of 
outsiders Thus, the manager must design the 
harvest to fit the landowner's goals and personal 
feelings By protecting the coyote, I feel that the 
number of doe huntel-s can be reduced, and the 
ultimate goal of herd reduction accomplished . 
A genuine conceln when protecting coyotes in 
order to enhance herd control IS the ind~screet 
manner In which they kill Obviously, most deer 
managers prefer- to select which animal (at least sex) 
that is harvested. The coyote is a non-selective 
predator and will kill adult post-rutting bucks as well 
as doe and buck fawns However, for those land- 
hold~ngs closed to sport hunting, the coyote may be 
the only population control factor (other than the 
climate) and thus must be understood and utilized 
Population estimates are based on aerial heli- 
copter surveys conducted on 15,000 acres (27%) of 
the core area Since 1982, 1 year prior to the initial 
doe harvest, the sex ratio has ranged from 2.4 does 
per buck in 1982 to 0 8 does per buck in 1986. 
With the combination of a spol-t doe harvest, 
predat~on by a hgh populat~on of coyotes, and a low 
harvest rate of bucks, the sex ratio was reduced to 
favor bucks iiom 1986 through 1989 As a result of 
die altered ratio, natural mo~tal~ty,  pa~ticularly post- 
~ut  moltality, increased in the bucks. For example, 
3 pairs of bucks were discovered in the antler-locked 
pos~don in 1987. The low probab~lity of this occur- 
ring, combined w~th  the even lower probability of 
d~scovering the animals on such a large land mass, 
for-ced us (by request of thc landowner) to reduce our 
doe havest In the core area beginning in 1990. As 
a result, doe numbers I-ebounded to 1.5 does per 
buck by 1994 
Buck numbers cont~nued to lise from 187 bucks 
counted in 1985 to 457 in 1994, based on aer~al 
helicopta sulveys Overall deer density increased 
fi.01~1 1 adult per 36 acres in 1985, 2 years following 
the lntenslve doe hawest, to 1 adult per 13 acres In 
1 994. 
Food for thought 
Based on this infilmation, our harvest scheme, 
wh~ch included coyotes as a harvesting mechanism, 
impacted the herd dynam~cs lnit~ally, i.e., doe num- 
bers decreased and buck numbers increased How- 
ever, once the doe halvest was reduced In 1990, it 
became obvious that coyotes alone could not hold 
thrs populat~on at a statlc level 
In conclusion, it is my op~nion that predation by 
coyotes, In conjunction with low intensity doe 
harvests (typical in this area), can control deer 
numbers on large (non high-fenced) management 
areas Thus, on land tracts owned by individuals 
unwilling to allow adequate hunters on the land to 
reduce doe numbers, the coyote represents a viable 
tool in deer harvest management 
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MANAGEMENT OF COYOTES FOR PRONGHORN? 
S. KEMBLE CANON, Division of Range Animal Science, Sul Ross State University, Alpme, TX 79832 
Absnact: Coyotes (Cat~rs latrans) and pronghorn (A17tilocapt.a anrevicana) have co-existed for thousands of years, 
but in today's production-oriented society the PI-onghom may need some help per~odically. Although pronghorn 
numbers have rebounded dramat~cally since the early 20th centuly, continued management of this species is 
necessary and may include "management" of its primilly predator, the coyote. Pronghorn defense mechanisms offer 
protection from predators, but the coyote's hunting strategies overcome these mechanisms The Trans-Pecos 
region of Texas holds the greatest numbers of prongho~n In the state. Ranchers in the Trans-Pecos can use 
pred~ctors, such as rainfall; stl-ategies, such as proper livestock stocking rates and pasture deferment; and tools, 
such as predator control, to help manage prongho~n populations in the presence of coyotes. 
Coyotes and prongho~n have co-ex~sted in 
Noith America slnce the Ple~stocene epoch In this 
co-evolutiona~y process, each of these species has 
evolved behavioral, mol~~hological, and phys~ologl- 
cal mechanisms which allo\v both the predator and 
prey species to suvive. I-Iowever, with the ~nfluence 
of human expansion and associated impacts, it has 
become necessaly to miplement management prac- 
tices wh~ch enhance pronghorn su~vival. 
In the Trans-Pecos of Texas, most of the em- 
phasis in pronghorn management has been toward 
populat~on rnan~pulat~on through hunt~ng, water 
distribution and l'encmg iniproveiiients, and predatol- 
contsol. In I-ecent years, predator control has been a 
controversial subject, largcly because of the in- 
cl-eased influence of gl-oups concerned for the 
"r~ghts" of an~mals The necessity of predator 
control in healthy prey populations also has been 
questtoned by many in the scient~fic ommunity. 
The putpose of t h ~ s  papcr 1s to invest~gate the 
overall relat~onsh~p betureen the pronghorn and 
coyote in the southwestern Un~ted States. Hunting 
and suiv~val niechan~sms, and management of the 
pl-ongho~n-coyote ~ntel-act~oli will be d~scussed. 
Specific emphas~s w~ll  be placed on the Trans-Pecos 
reglon of Texas 
Historical perspecti~e 
The rehun of the No~th  Amel-ican pronghorn to 
much of its native range has been a success stoiy in 
modem \v~ldlife management. Estimates of prong- 
horn numbers pl-101- to European settlement range 
from 40 to 60 million animals. However, with the 
arrival of settle{-s and more efficient methods of 
hunting, fuelcd by market demands of consumers in 
more populated areas, PI-onghom populations In the 
United States declined to approximately 10,000 
animals by 1900 (YoaLum 1980). By 1 924, popula- 
tions had increased to about 24,000, largely the 
result of a greata- emphas~s on conservation. Since 
that time, hough propa- management and transloca- 
t~on  pl-actices, prongho~n populat~ons in the United 
States have ~ncreased to over 800,000 animals (V 
W I-Iowru-d, New Mex~co St. Un~v . ,  pers commun 
1990). 
Some southwestem pronghorn populations have 
undergone s~milru- fluctuations, wh~lc  others have not 
fared as well For csample, American pl-onghom (A. 
a. attret.tcana) populations in nosthem Ar~zona have 
fluctuated as described above, with major declines in 
the late 19th and early 20th centuly, and subsequent 
mcreases to a relat~vely stable number Conversely, 
those subspecies In more severc, asid regions such 
as the Peninsulas pronghorn (.A. a. peninsularis) of 
southern Califo~n~a and Baja California, and the 
Sonoran pronghorn (A.  a .  sot701.iensis) of the S- 
onoran Dese1-t region, have never recovel-ed from the 
original declines and at-e cun-ently l~sted as endan- 
gered St111 others, such as the PI-ongho~n of the 
TI-ans-Pecos region of Texas, which occuples over- 
lapping ranges of both the American pronghom and 
the Mes~can pl-onghom (A. a. nresicana), have 
ma~ntained relatively stable numbers throughout 
these tlme pel-iods. 
The Trans-Pews hlstoncally has been a strong- 
hold for prongho~n populations in Texas. With the 
advent of the cattle industry, and subsequent installa- 
tion of water~ng facilities in the late 1800s, many 
marginal areas became productive habitats for 
pronghorn and othel- wildlife species. This, coupled 
with the predator control effol-ts and protection 
provided by some conce~ned ranchers of the early 
1900s, I-esulted in mcreased numbers of Trans-Pecos 
prongho~n from 1924 to 1939, when herds in other 
parts of the state remained relatively static (after 
suffering severe declines in earlier years). 
Trans-Pecos herds were healthy enough to 
permit translocation of over 4,000 animals to other 
pasts of the state from 1939 to 1956. Overall, 
Trans-Pecos prongho~n levels remained relatively 
stable from the late 1950s to the early 1990s with 
inte~mittent, long-te~m droughts causing the most 
severe fluctuat~ons (Hailey 1986). 
Pronghorn defense mcclianisms 
The prongho~n has evolved several defense 
mechanisms which enhance survival, especially as it 
I-elates to predation. Most of these mechanisms are 
further enhanced by, and have naturally evolved in, 
the open, espanslve habitats preferred by pronghom. 
In adults, speed may be the most important defense 
against predation Adult pronghorn can reach 40 
mph wid1 relatively little effo~t, and speeds in excess 
of 50 mph al-e not uncommon. Prongho~n have 
extl-emely acute vision at long distances and the 
lasge, protruding eyes located on the side of the head 
enhance peripheral vision as well. A white rump 
patch which flares up when the animal is ala~med 
provides a visual signal to other PI-onghom when 
danger approaches Another a l a~m signal, the 
"cough", provides an audito~y s~gnal for other ani- 
mals in the gl-oup. In close encounters w ~ t h  preda- 
tors, pronghorn will also use their h o ~ n s  for defense, 
although all females do not grow ho~ns  
Strategies or mechanisms to prevent depreda- 
tion of young pronghorn include both inherent 
morpholog~cal and physiolog~cal characteristics as 
well as behavioral responses of both fawns and 
adults. In PI-onghom fawns, 4 basic strategies are 
effective in preventing predation: (1) cryptic color- 
ation or camoullage, (2) lack of early scent gland 
development, (3) ability to Ile motionless for long 
periods of time, and (4) selection of proper conceal- 
ment in bedding behavior (Alldredge et al. 199 1). 
Prongho~n dams also employ strategies for 
protection of young such as (1) leaving fawns bed- 
ded in isolation for relatively long periods of time, 
resulting in less likely attraction of predators, (2) 
cleaning of young to eliminate fecal and urinary 
odors, (3) simple protective behavior involving 
attacks of predators by dams (and bucks), and (4) 
visual and auditory alarm responses as mentioned 
above. 
Herd characteristics which enhance survival 
include grouping behavior when danger approaches 
and synchl-onization of fawning dates. Grouping 
behavior tends to enhance su~vival by reducing the 
probabil~ty of ind~v~dual n~mals be~ng depredated. 
Synchl-oruzation of birth IS thought to reduce preda- 
tion of newbo~ns (Rutberg 1987) through (1) 
"swamping" (ie. large numbers of young born in a 
short period of tlme exceed the nutritional demands 
of the predator populalion), (2) group defense 
(maternal protect~ve inst~ncts are compounded by 
groups of darns with fawns), and (3) the "confusion" 
factor (i.e., the ability of the predator to select a 
specific target may be reduced in a group of dams 
with fawns, rather than isolated fawntdoe pairs). 
Coyote hunting strategies 
Although the evolved defense mechanisms of 
pronghom are many and varied, coyotes have re- 
sponded with hunting strategies which enhance their 
ability to capture pronghorn, especially fawns. 
Coyotes may hunt individually, in pairs, or in small 
family units. 
When hunting ~ndividually, a coyote may em- 
ploy 2 psimay methods. The first, I refer to as the "- 
search and destroy" tactic in which an individual 
coyote will, apparently somewhat methodically, 
seal-ch an area unt~l a prey species is found and 
attacked This is pa~ticularly effective on newborn 
fawns e.xhibiting c~yptic behavior (lying motionless). 
The second method used by individual coyotes 
involves seeing or smelling the fawn and simply 
stalking andlor chasing it. In selecting prey by age, 
sex, or health status, an individual coyote is more 
likely to select smalla- or weaker individuals (fawns, 
seldom does, and very infrequently bucks), because 
coyotes are simply not equipped physically to effec- 
tively kill larger animals In an efficient manner. In 
selecting smaller prey species, individual coyotes are 
less likely to be discriminatory and more likely to be 
opportunistic 
Coyotes also hunt in family units ( is . ,  packs) 
and in this style of hunting, attacks on larger animals 
are more likely. In pack behav~or, coyotes may hunt 
by either stalking or pursuit, but generally pursuit of 
prey is most common. It IS often suggested that 
coyotes will use a "relay" technique in which they 
alternate amongst each other to progressively wear 
down tile prey animal. Based on the relative "intelli- 
gence" of coyotes and numerous personal cornrnuni- 
cations with w~tnesses of t h ~ s  behavior, I am con- 
vinced that the coyote is capable of such teamwork. 
A form of stalking is also exhibited by fam~ly 
units of generally 3 to 5 animals in which the coyotes 
surround the prey species and gradually close in to 
ovei-\vhetm the prey with sheer numbers. In general, 
coyote packs are most likely to capture smallel-, 
weaken-, or lame iiid~v~duals, however healthy adults 
are also susceptible. 
One other hunting behavior exhibited by coy- 
otes, specifically on pronghorn, may indicate an 
ability to use a "tool" of sorts to aid in capture 
Coyotes have been obsc~ved In the Trans-Pecos 
"herding" pronghorn to fences, which the pronghom 
will not cross 11-'the fence is made of net-wire In t h ~ s  
way, the coyote may actually be using the fence to 
facilitate capture 
Pronhorn defense vs. coyote strategy 
In the evolutiona~y and annual battle between 
coyotes and pronghorn, the "victor" varies among 
years, climatic regimes, and habitat types. The 
relationship between coyotes and pronghorn is 
extremely complex and is affected by such factors as 
the previous and current year's precipitation, avail- 
able hiding cover, nutritional status of the dam, 
forage availabil~ty, alternative prey species, and 
other factors. 
Research conducted on the effect of coyote 
predation on pronghorn populations generally has 
indicated that coyotes are very effective predators of 
pronghorn fawns during their first 30 to 60 days of 
life (Autenreith 1982, Bal-rett 1984, Hailey 1986). 
Coyote predation was the primary cause of low fawn 
survival on Anderson Mesa in Arizona (Neff et al. 
1985), and increased fawn survival was attributed to 
coyote control (Smith et al. 1986). In a southeastern 
Colorado study, coyote predation was believed to be 
responsible for 7 1% of fawn mortality (Gese et a1 
1988) Mortality of radio-equ~pped fawns in Mon- 
tana was 90 and 93% in 2 separate years in 1 portion 
of the National Bison Range; coyote predation was 
the primary cause of death (Corneli 1979). Faun 
survival rates in southeast New Mexico were 14% 
greater in 2 of 3 years in a coyote-controlled versus 
non-controlled area (La-sen 1970). Other studies 
have also have shown evidence of coyote predation 
on pronghorn fawns varying from 12 to 3 1% of 
known fawn mortality (Barnett 1978, Beale 1978, 
Bodie 1978). 
Trans-Pecos pronghorn predation 
In the Trans-Pecos, predation of adult pi-ong- 
horn IS uncommon primmly because those predators 
commonly occupying pronghorn habitat (coyotes, 
bobcats, golden eagles) are largely incapable of 
killing adults. Mountain lions, although certainly 
capable of stalking, captul-lng, and killing prong- 
horn, do not tend to occupy the same hab~tat Addl- 
t~onally, d~seases and parasites do not commonly 
affect TI-ans-Pecos pronghorn seriously because of 
the arid climate (Hailey 1986, Canon 1993). 
Thus, with the absence of these sources of 
mo~tality, adult pronghorn in the Trans-Pecos have 
a high probabil~ty of l~ving a I-elat~vely long life, 
except in long-term drought situations. Such d- 
roughts can result in large losses in isolated prong- 
horn herds (Buechner 1950, Hailey 1986) and can 
be especially detrimental where net-wire fences do 
not allow free movement of these herds 
Pronghorn fawns in the Trans-Pecos, as in other 
areas, are highly susceptible to predation In a study 
conducted In Hudspeth County of the westem Trans- 
Pccos, 81% of 101 radio-equ~pped fawns were 
k~lled by predators over 3 fawning seasons Sixty 
six fawns were killed by coyotes, 6 by mountain 
lions, 5 by bobcats, and 4 by golden eagles (Canon 
1993). Eighty pel-cent of depredated fawns were 
killed withm the first 30 days of life and 95% within 
the fu-st 60 days of life, suppol-ting the notlon that the 
most critical period for prongholn is the first 30 to 
60 days of life. 
Coyotes wese especially efficient at finding and 
capturing fawns, both individually, and in palrs or 
family units. All of the hunting strategies described 
previously wel-e witnessed by the author at some 
point during the 3 yeass except the "relay" technique, 
which probably wasn't necessary on fawns The 
"search and destroy" tactlc appeared to be the most 
common, based on the number of times coyotes were 
seen (Canon 1993). 
Denning pairs of coyotes appeared to be pai-tic- 
ularly ei'l'ective at finding and destroying fawns. 
Fawn I-enlains were found near the 3 dens that were 
found, and the I-adio transmitters were near 2 of 
them. In "Buckho~n" valley, the center of which 
contained a coyote den dusing one of the fawning 
seasons, 5 fawns were kllled in 1 night and several 
others over thc course of the fawning season; (the 
night after we found the den, the pups were moved 
by the pair to another "und~sclosed" location) After 
losing several fawns in another area, a radio ti-ans- 
mitter was found next to an actlve den close to the 
center of the area. 
TI-anslent coyotes also appeared to be attracted 
to the al-ea during fawnlng season based on the 
number of coyote sightings during the peak fawning 
period. Coyote scats on roads also were more 
fsequently noted durtng this time perlod 
Fawn habitat 
In the Hudspeth County study (Canon 1993), 
fawn habltat was investigated by measuring a series 
of 23 mlcro- and macro-habitat characterlstics on 
over 600 fawin bed-sites, and compai-ing these to the 
same charactenstlcs on 225 randomly-selected sltes. 
'These habitat charactenstlcs also were compared 
betwcen surviving and non-su~v~vlng fawns. The 
puspose of the habitat evaluat~on was to identify 
chasactenstics of pl-efel~ed bedding sites, and which 
of these resulted in greater fawn survlval 
Several of the habitat characterlstics differed 
between actual and I-andomly chosen bed-sites, 
indicating that cel-tain vegctatlve and physical 
characteristics were selected by fawns for bedding, 
rather than random selection. The comparison of 
most interest, however, was that between surviving 
and non-sulviving fawns. Only a few of the 23 
characteristics measured were different between 
these 2 groups Brush density was greater (P<0.06) 
at bed-sites of survivors than non-sulvivors. Surviv- 
ing fawns bedded more often (P<0.05) in the flatter 
ten-ain where rock cover was inherently less. 
Pel-haps the most lrnportant varlable in terms of 
immediate hiding cover for bedded fawns was the 
measurement "nearest concealing cover" (NCC). 
Because fawns tended to bed with their back to a 
vertical object (clump of grass, shrub, cacti, yucca, 
rock), I measured the distance from the bed-site to 
the closest object providing cover. Sulviving fawns 
were more likely (P<0.06) to "select" bed-sites wlth 
gi-eater immediate (close-range) hiding cover. 
Although few of the habitat characteristics 
dlntred between sluviving and non-surviving fawns, 
we found that sulviving fawns were more likely to 
bed in flatter areas with greater brush cover (provid- 
ing mol-e cover in the sun-oundlng macro-habitat), 
and closer to a tall plant or object (providing more 
cover in the immediate micro-habitat). Bed-sites 
nexT to clumps of taller grasses and yuccas appeared 
to be favored. Although grass cover In the area 
surrounding the bed-site was not considered an 
Important factor separating suiviving and non- 
sluviving fawns, taller gasses did appear to provide 
hldlng coves As past of the Chihuahuan Desert 
region, gl-ass cover was extremely variable on the 
study area. Relative to fawn fate, grass cover was 
essentially identical among sulvivor bed-sites, non- 
sul-vivol- bed-sites, and random sltes 
Management of pronghorn-coyote interactions 
The Trans-Pecos region, specifically that 
portion in the Chihuahuan Desert, does not provide 
the type of low shub cover found in most pronghorn 
habitat in the westeln U.S However, pronghorn 
fawn survival in the Trans-Pecos can be enhanced 
when micro- and macro-habitat cover is available. 
Mcro- and macro-habitat cover may be provided by 
brush and taller grasses, as in the Hudspeth County 
study (Canon 1993), or any combination of short- 
and long-range cover which selves to conceal fawns 
from predators, pl-lmarily coyotes. 
Although brush provlded macro-habitat cover 
in that study, such cover can be provided by tall, 
bunch-type grasses as well. Livestock management 
practices which promotes taller grasses will allow 
more compatible co-existence of prongho~n and 
livestock. Pe~iodie and timely defelment of livestock 
from known, preferred pronghorn fawning habitat 
will produce the type of taller, bunch-type grasses 
that provide better fawnlng areas. 
Unfortunately, the weather of the Chihuahuan 
Deselt is too variable and alternative strategies may 
be necessary in times of prolonged drought. In order 
to wvive  such drought periods, ranchers in thls pa13 
of Texas may not have the luxu~y of defen-~ng live- 
stock (primarily cattle In the Trans-Pecos) from 
fawnmg habitat. When the grass gets short, and the 
rain has not come, tlie rancher has 2 options, either 
sell (usually in a down market) or move them where 
there is st111 some grass leli. T h ~ s  situation has 
occun-ed over the last couple of years in west Texas 
111 tc17iis ofprotiglio~n pol)ulat~ons, poor nutrl- 
tional status of adults resulting from the lack of 
forage, scarce cover remaining In preferred fawning 
habitat and subsequent poor fawn crops, and other 
factors, have resulted In substantlal declines In 
Trans-Pecos p~.onghorn populat~ons Texas Parks 
and Wildlife surveys show a gradual decline from a 
hlgh of almost 15,000 pronghorn in the Trans-Pecos 
region in 1992 to barely half that (7,525) In 1995 
(R~chardson 1994, M. Hobson, Texas Parks Wlldl. 
Dept., pel-s. commun ) Although a couple of good 
precipitation years can t h ~ s  decline, a recovely from 
a declinc of this magnitude will take some tlnie 
In such s~tuations, on both a local and reglonal 
scale, 1 alternat~ve strategy IS coyote control. An 
investigation of PI-ongliol-n fawn crops over an 8- 
yea- period on Unlverslty of Texas Lands propeltles 
In the Trans-Pecos (S. Sullenger, U.T Lands, 
unpubl data; Canon 1993) revealed that intensive, 
relatively short-telm control of coyotes In the 2- to 3- 
month penod prior to and during fawning season can 
result in ma.jor increases In the number of fawns 
surviving beyond thc cr~trcal 30- to 60-day perlod 
following biltli 
Aerial surveys on the Double U and Baylor 
ranches in I-Iudspeth County showed large increases 
In fawn crops in tlie first few years following lnitla- 
tion of coyote contl-ol (S Sullenger, U.T Lands, 
unpubl data). Although coyote control continued 
after these inltlal years, the eflectiveness of control 
elTo~ts declined. Subsequently, fawn crops began to 
decline as well, from a h ~ g h  of 61 % on all of U.T. 
Lands in 1985, to a low of 16% on the same areas In 
1990. 
On the Baylor Ranch, 1990 estimated fawn 
crops were down to 10%. In e d y  1 99 1 and again in 
1992, the Baylor Ranch hired a trapper to supple- 
ment the annual helicopter gunrung provided by U.T 
Lands. The resulting lntenslve control efforts 
yielded 78 and 104 coyotes prior to and during the 
1991 and 1992 fawning seasons. Fawn crops 
subsequently increased to 6 1 % and 75% In 199 1 and 
1992 respectlvcly (approx~mately 6- and 7-fold 
Increases, I-espcct~vely, compared to 1990 esti- 
mates) 
Although increased preclp~tation in 1991 and 
1992 undoubtedly aided In thls increase, on the 
ncal-by Double U Ranch, where coyote control 
efforts remaincd s~milal- to prcvious years, fawn 
crops only ~na-eased from 16% in 1990 to 35% and 
30% in 199 1 and 1992, respectively (approximately 
2-fold increases each year compared to 1990) 
On U T Lands overall, fawn CI-ops Increased 
from 16% in 1990 to 43% and 40% in 1991 and 
1992 respectively. (Much of this incl-ease was the 
result of the large increases from the Baylor Ranch.) 
It is apparent, therefore, that timely and inten- 
slve coyote control can substant~ally Increase prong- 
horn fawn CI-ops I-Iowever, such control efforts are 
not necessluily requ~red on an annual basls. Fullha 
investigation of the effects of preclp~tation on fawn 
crops on U.T. Lands revealed that 54% of the 
valiation in cul-ent-year fawn crops (I-'< 05, ~ ~ = 0 . 5 4 ,  
y = 0.08 + 2 97s) can be explained by the prevlous 
year's prec~pitation total (Canon 1993) In other 
words, there 1s a fair co~l-elation between current 
yea 's  rainfall and next year's pronghorn fawn crop. 
. . I hus cull-ent-year precipitation may serve as a 
predictor of SOITS to dete~mine the need for coyote 
contl-01 prior to nest year's fawnlng season 
Management Implications 
Current population estimates in the Trans-Pecos 
show the lowest total number of pronghom slnce 
before 1977 (Richardson 1994, M. Hobson, Tex. 
Pasks Wildl. Dept., pers. conunun.). Ball-ing contin- 
ued drought, ranchers in the Trans-Pecos may be 
able to hasten the recovely of these populations by 
initiating an ~ntcnsive coyote-control program in the 
2- to 3- month period pr-101- to and during fawning 
season for at least 2 consecutive seasons. Such a 
program should be a 2- to many pronged approach 
(2 or more methods of control are employed) 
Coyote control is not a panacea for pronghorn 
populations, but it can be used to restore populations 
to fo~mer levels more rapidly 
The following management recommendations 
are suggested: 
(I) Prope1- stocking sates (of cattle, not sheep or 
goats in prongho~n habitat) will provide an 
adequate forage supply for pronghorn in 
most years, and ensure adequate nutrition 
for lactation. Stocking rates should be 
remain fles~ble In these and environs. 
(2) Defer l~vestock from pastures contaming 
prefel~ed pronghorn fawning habitat for a 
period long enough to provide hid~ng coves 
(tall growth of bunch-type gsasses) for fawns. 
Continue defelment for 30 to 60 days beyond 
the peak of fawning season. Ideally, such 
deferment should be'provided at least evely 
2 to 3 ycars 
(3) Mon~tor annual rainfall to aid in dete~min~ng 
the necessity for coyote control the following 
year If this year's rainfall IS well below 
average, coyote control 1s recommended PI-lor 
to (and poss~bly dur~ng) the following fawn~ng 
season. (The assumption here is that next 
yeas's raiilfall w ~ l l  be better, which is not 
always the case of course.) 
(4) In declining populations, or in populations 
below the est~mated cassying capacity, 
intens~ve coyote control (as above) may speed 
recoveiy, or growth, to desired levels 
"Intensive" control must effectively reduce 
coyote populat~ons until at least 30 days after 
the peak of fawning season 
(5) In niost "no~nial" years, coyote control IS 
probably not necessaly except for the control 
of specific depredating ind~v~duals 
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COYOTES AND UPLAND GAMEBIRDS 
FRED S. GUTHERY, Caesar Kleberg Wlldlife Research Institute, Texas A&M University-Kingsville, Kingsville, 
TX 78363 
Abstrad: That coyotes (Canis latrans) destroy nests and individuals of bobwhites (Colinus virginianus) and wild 
turkeys (Meleagris gallopavo) is well documented. In many situations, however, the removal of coyotes would 
have little observable effect on gamebird recruitment and population dynamics. This counterintuitive result occurs 
because (1) renesting reduces the hen failure rate and (2) loss sources other than coyotes become stronger when 
coyotes are removed from a predator-prey system. 
Coyotes destroy nests of nolthan bobwhites and 
wild turkeys Coyotes also depredate adult quail 
and tui-keys. One automatically assumes, therefore, 
that removal of coyotes would increase production 
and survival of these gamebirds. The assumption is 
not necessarily coi~ect. 
My purpose is to review selected literature on 
the relationship between gamebird populations and 
coyotes in Texas and elsewhere. I will focus on the 
nesting season and show nest depredation by coyotes 
and other predators accounts for a substantial per- 
centage of nest losses. Then I will review field 
research that compared quail and turkey abundance 
on areas with and without suppression of coyotes 
and other predators. These results will show that 
intensive predator control may increase standing 
populations of wild turkeys, but 'that it has little if 
any effect on quail populations. Finally, I will 
discuss theoretical circumstances that lead to 
counterintiutive outconles when a predator species, 
such as the coyote, is removed fsom a predator-prey 
system. 
Nest loss 
Lehrnann (I 984:9 1 -93) dete~mined the fates of 
532 bobwhite nests. He collected data during 1936- 
1952 m the Coastal and Rio Grande Plains of Texas. 
The first point to make about Lehmann's results is 
that they ai-e biased high, because he did not use 
applppriate statistical procedures. Nevertheless, his 
results provide an overall picture of nest depreda- 
tion. 
nests hatched successfully and 55% were destroyed 
by some agent. Predators caused 84% of the losses, 
i.e., about 46% of nests in the sample were depre- 
dated. Coyotes were responsible for 36% percent of 
nests destroyed by predators, which amounted to 
about 17% of all nests. 
Vangilder (1 992) summarized nest success 
rates for different races of wild turkeys. Success 
rates ranged between 3 1-62%. The bulk of nest 
failures were due to predatoss, but in some cases 
coyotes were not involved in nest depredations. 
On the Welder Wildlife Refuge near Sinton, 
Texas, predators destroyed 12 of 3 1 radio-tagged 
hens and all of 10 nests initiated by radio-tagged 
hens (Ransom et al. 1987). Ransom et al. concluded 
predation limited juvenile recruitment and, hence, 
predation kept wild turkey populations at low levels 
in the study a]-ea 
Effects of predator control 
Beasom (1 974) analyzed the effects of Intensive 
predator contr.01 on bobwhite and turkey populations 
in the eastern Rio Grande Plains. He removed 188 
coyotes, 120 bobcats (Lynx t-ufus), 65 raccoons 
(Procyon lotor), 46 striped skunks (Mephitis nrephi- 
tis), and 38 other marnmallan predators from a 9- 
squase mile area over 2 years. His results indicated 
moderate gains in the abundance of bobwhites and 
strong increases in tuskey production as gauged from 
poult:hen ratios. 
Forty-five percent of Lehn~ann's (I 984) sample 
Guthely and Beasom (1977) conducted a 
similar study in the western Rio Grande Plains. 
They took 132 coyotes, 18 bobcats, 15 raccoons, 22 
striped skunks, and 40 other mammalian predators 
from a 6-square m ~ l e  area This intensive level of 
control had no effect on population trends and 
abundance of scaled quail (Callrpepla squainafa) 
and bobwhites. 
Predation and gamebird population dynamics 
Results of the studies cited above lead to the 
notion that suppression of coyotes and other preda- 
tors may or may not affect the abundance of game- 
birds. The failure of predator suppression to in- 
crease gamebird populations is counterintuitive, 
because of the documented heavy losses of gamebird 
nests and to a lesser extent adult birds. Removal of 
a major loss source should reduce losses and thereby 
increase abundance. In this section, we explore 
reasons for the counterintuitive outcome 
Renesfrng. Both turkeys and bobwhites may renest 
ifa clutch is destroyed. Turkeys are weak renesters 
compared to bobwhites, which may lay 3 to 4 nests 
in an attempt to hatch at least 1 nest. Renesting has 
the effect of reducing the lien fa~lul-e I-ate while the 
nest fallu-e rate I-emalns constant Cons~der f l ~ p p ~ n g  
a coin. If you want to get 1 head you have a much 
better chance m 3 flips than In 1 i l~p .  The chance of 
a head on 1 f l ~ p  is 0.5, but the chance of at least 1 
head in 3 B ~ p s  is 0 875. From Lehmann's (1984) 
data with a nest fa1lui-e rate of 0.55, the hen failure 
rate is 0.17 and the hen success rate is 0 83, glven 3 
nesting attempts. This means that 83% of hens 
would be expected to hatch a brood, even though 
more than half of all nests are destroyed. 
Turkeys are less likely to renest if a first nest is 
destroyed. This means that the nest failure rate is 
approximately equal to the hen failure rate. Weak 
renesting behavior of turkeys IS I reason why sup- 
presslon of coyotes and other predators may increase 
pou1t:hen ratios, as observed by Beasom (1974). 
Turkey counteract lower production rates with 
higher annual su~vival rates than bobwhites. 
Conrpe~irig t ~ sh  Suppose we study a predator-prey 
system and measure w~th ~gh accuracy the loss rates 
owing to different predator species; e g., coyotes 
destroy 10% of nests, raccoons lo%, skunks 1 OOh, 
and snakes 10%). Now suppose we remove skunks 
from the system We do not save 10% of nests by 
taking skunks out of the system. Rather, we save 
some smaller fraction of nests (say 2%) because 
those nests not destroyed by skunks become avail- 
able to coyotes, raccoons, and snakes. The percent- 
age of nests taken by coyotes, raccoons, and snakes 
would increase with the removal of skunks. These 
competing risks prov~de the general expectation that 
a nest saved from 1 predator does not necessarily 
mean the nest will be successhl. The general 
expectation means there is not a 1 : 1 relation between 
predator suppression and nest success We might 
expect, for example, that 4 or 5 or 6 of every 10 
nests saved from loss to a part~cular agent would 
eventually result in chicks or poults 
Cotirbined effects of renes~ing and conrpeting rrsks. 
Here we set up a predator-gamebird system and 
isolate the effects of coyote predation. The back- 
ground circumstances are as follows~ nonpredation 
losses account for 15% of nests if no predators are 
present; noncoyote predators destroy 50% of nests if 
no coyotes are present and no nests are lost to other 
causes. We w~l l  model the system with variable 
rates of coyote predation where there are no other 
predators and no other loss sources The above 
circumstances may be combined under the union 
rule of probability and we can isolate and estimate 
the ell'ects or coyote predat~on on hen failure rate 
In the system described above, removal of all 
coyotes would yield about a 60% hen failure rate for 
turkeys (1 nesting attempt) and a 20% hen failure 
rate for bobwhites (Fig. I). Note that as the coyote 
predation rate increases, the hen failure rate in- 
creases at a lower rate. This occurs because, some- 
what ironically, an increasing coyote predation rate 
reduces the predat~on rate of other predators. 
Figure 1 reveals that In a reasonable range of 
expected coyote pl-edat~on rates on nests (0 to 20%), 
the effect of coyote predation on the hen fa~lure rate 
is low Analysis of fall age ratios and percent sum- 
mer galn In populations under different rates of 
coyote predation suppo~ts the above assertion. For 
quail and turkeys, thel-e is little difference in recruit- 
ment whether coyote predation is low (0%) or high 
(20%) (Table 1) in the system we have created. 
0.8 I 1 ATTEMPT 
...- 
....- 
0.2 ---'- 3 ATTEMPTS 
0.0 I I I I 1 
0.0 0.2 0.4 0.6 0.8 1 .O 
COYOTE PREDATION RATE 
Fig. 1. Relationship between hen production failure rate and coyote predation rate w~th  renesting efforts and 
competing rrsks present. The curve for wild turkeys is approximated under 1 nestlng attempt and the curve 
for bob\vhites under 3 nestlng attempts. See test for explanation and definition of competing risks. 
Table 1. Modeled responses of bobwh~te and wild turkey population var~ables to different coyote predation rates. 
Numbel- of nestlng attempts is given in parentheses. 
Coyote 
predation Bobwhite (3 attempts) Turkev ( I  5 attempts) 
ratea J/Ab PSCT' Sulvival (%)d JIA PSG Sulvival (%) 
"Rate of irest destr~rictio~i by coyotes in the abserice of all other. carrses oftiest loss. 
bAge r,atro irr jzrverriles/ad~lt 6 rrroriihs after. tkefit.st egg of [he tresfitrg seasorr is laid 
'PSG = pcrcerit s~i~irrirer~ gairi rn aburrclatice. 
'Anrrrral s~itvival rate [lint \r~ill ead lo poplrlafro~r stabrlity giver~ r.ect.ri~/ttret~/. 
The general findings on nests would also hold 
for coyote predation on adult birds, i.e., the existence 
of coyote pl-edation must reduce losses to other 
causes and, conversely, the removal of coyote 
predatlon would Increase losses to other causes. 
Discussion 
Natural systems, Including predator-prey sys- 
tems, are quite complex. This very complexity tends 
to stabilize systems by vil-tue of biological checks 
and balances such as competing risks. Whereas I 
reviewed the effects of renesting and competing 
risks, other balances exlst. For example, suppres- 
sion of coyotes tends to Increase their productivity 
(larger litter sizes, better pup survival) Coyote 
suppression may also remove competition for non- 
coyote predators and result 111 increased density for 
these species PI-ey species may be resilient to 
predation by vll-tue of density-dependent product~on 
and survival. This means that as the density of a 
prey species declines, its sulvival and product~on 
rates increase 
Whereas we seek general principles of wildlife 
management in general and pi-edator-prey manage- 
ment in particular, we must be aware of specla1 
exceptions to general outcomes. Processes In nature 
are intrinsically val-lable; this varlabillty insures 
different en'ects ofcoyote predatlon on bobwhite and 
turkey populations at different tlmes and places. 
Places may have specla1 propel-ties that render 
general expectations invalid. For example, intensive 
agriculture may force predators and prey to use [he 
same Isolated tl-acts of pelmanent coves. This may 
result in higher than nolmal predation and rates and 
may render predator suppression a viable alte~native 
for increasing gamehird abundance. 
Let me conclude this discussion with an obser- 
vation on the truth of the following statement. 
"Sllppression of coyotes and other predators 
increases abunda)~ce of ganrebirds." In a simple 
world, we could say the statement 1s true or false, 
howeves, the world is not s~rnple. So in any situation 
the statement is likely to be true to some extent and 
false to some extent. The role of the wildlife man- 
ager is to scientifical@ determine (no art, please) the 
truthfulness and falseness of the statement under a 
pruticular set of ciscumstances, and to app!y predator 
management according to scientific analysis and 
well-defined management goals 
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MANAGING FOR COYOTES TO ENHANCE WATERFOWL 
PRODUCTION: AN ALTERNATIVE PERSPECTIVE 
TERRY A. MESSMER, The Jack Benyman Institute, Department of Fisheries and Wildlife, Utah State 
University, UMC 52 10, Logan, UT 84322-52 10 
Abstract: The Prairie Pothole Region (PPR) of North America produces about half of the continent's duck 
population. Predation on hens, young, and eggs severely impacts duck production In the region decreasing fall 
flights. Recent studies conducted in the region suggest that management efforts to increase duck production need 
to consider both habitat and predator effects. Research indicates that managing on the landscape level to protect 
coyotes in s&~cient numbers to exclude red foxes should be encouraged in PPR areas suitable for duck production 
and where the risks of damage to domestic livestock and other wildlife species ai-e minimal 
Over thc past centuiy, mlgratoly wate~fowl 
hunting in North Amenca has undergone a transition 
fi-om a subsistence activity with recreational over- 
tones to a recreational act~v~ty with subs~stence 
overtones (USFWS I 986). Concui~ently, hunting of 
migrato~y watet-fowl has become more intensively 
managed. S~nce  1948, waterfowl hunting in the 
United States has been managed on the basis of 
migrational units, called "Fl.pvaysn (F~gure 1) 
Lincoln (1 935) classified the migl-ato~y routes 
across North America ~n to  4 flyways, based on 
analysis of banded ~ I I -ds  and thar movements These 
flyways, the Pacific, Central, Mlssisslppi, and 
Atlant~c, correspond to major n?~grat~onal routes 
followed by millions of waterfowl and other birds 
(Bellrose 1976) Although the boundar~es between 
the routes are not exact, and several species of ducks 
regularly cross from one flyway to another, the 4 
flyways serve as administrative units for managing 
continental wate~fiwl populations. The southweste~n 
states of Texas, Oklahon~a, and New Mexico are 
part of the Central Flyway admin~st~-ative unit. 
In 1985, over 5 million U S. residents spent 
over 41.7 m ~ l l ~ o n  hunter-days in pursuit of water- 
fowl. During t h ~ s  same period, 691,000 Texans 
spent 4.88 million hunter-days hunting wate~fowl. 
This figure constitutes over 10% of all days spent 
hunting watel-fowl In the U.S. during 1985. Total 
expenditures for migrato~y bird hunting in the U S. 
during 1985 were $1 .1  b ~ l l ~ o n  (USFWS 1988). 
The Prairie Pothole Region: duck factory for the 
Southwest 
The P r a ~ r ~ e  Pothole Reg~on (PPR) of North 
menca (F~gw-e 2) is the primaly breeding ground for 
many of the wate~~o\vl that ai-e hunted in the Central 
Flpvay and subsequently winter In Texas. Although 
the PPR represents only 10% of North America's 
duck breeding grounds, about half of the continent's 
ducks fledge there (Smith et a1 1964, Bellrose 
1976). Hence, factors aff'ecting duck production in 
t h ~ s  region are of specla1 interest to wate~fowl 
populations, wildlife managers and to those that 
paitic~pate In associated recreational activities 
(Bellrose 1976, Turner et al. 1987, Sargeant et al. 
1993). 
Studies of nestlng ducks conducted in the PPR 
indicate that duck production has been reduced 
because of low nesting success attributed to preda- 
tion on hens, ducklings and eggs (Coward~n et al 
1985, Greenwood et al. 1995). Predation severely 
limits duck production in the region, ultimately 
affect~ng the slze of the fall flights (Johnson et al 
1992) 
Effects of predator community composition on 
nest success 
P r a ~ n e  ducks exhibit evolutionary adaptations 
(large clutches, renesting, antipredator behaviors, 
and c ~ y p t ~ c  coloration) des~gned to minimize the 
eEects of predation However, alteration of the 
Figure I .  Major watelfowl flyways of North Amel-~ca. 
Figure 2. The Prairie Pothole Region of North America 
prairie landscape has resulted in s~gnificant changes 
m the composition of the predator conununity which 
can have severe cffects on watc~fowl populat~ons 
(Sargeant and Ravel~ng 1992). 
During the past 120 years, the PPR has been 
transformed from a largely pristine ecosystem to on 
that is famed intensively (Tu~ner et al. 1987). These 
changes have contributed to the degradation and 
eagmentat~on of duck nesting habitat Further, land 
use changes also have exposed nesting hens, their 
eggs and ducklings to different types of predator 
cornmunit~es than exlsted dur~ng pristine times 
(Cowardin et a1 1983, 1985, Greenwood et al. 
1987). 
Predators that \\!ere coninion and widely d ~ s -  
tributed before settlement of the reglon disappeared 
from all or most of the area These tnclude the sw~ft 
fox (Tirilpes velos) and tlic gray \volf (Cnt~is Ilii~lrs). 
Other specles that we~.e scarce and distr~buted 
narrowly, such as the raccoon (Pt~ocyoti lolot.), 
striped skunk (Aleplri/is ttre/~lritis), red fox (V~llpes 
vr~ipes), and thc coyote (Catiis latrans), clearly 
benefitted from hah~tat changes in the reglon 
Sargeant et al. 1984) 
These "new" niarnmals are the principal preda- 
tors c~ul.ently aflkcti~ig duck production in the region 
(Ke~th 196 1 ,  Johnson and-Sargeant 1977, Sargeant 
et al. 1993). The red fox has emerged as the major 
predator aRecting duck product~on, prcylng on both 
ducks and eggs (Duebbe1-1 and ,L,okernoen 1976, 
H~gglns 1977, Salpcant et al 1984, Klett et al 1988, 
Greenwood et al 1995, Sovnda et al. 1995) Recent 
ev~deiice suggests that coyotes may have less ~mpact 
on nesting ducks than red foxes, raccoons, and 
striped skunks (Johnson et al. 1989, Sargeant et al 
1984, 1993, Greenwood et al. 1995, Sovada 1995) 
Factors afTecting predator abundance and 
distribution in the PPR 
Major hab~tat changes affecting predator popu- 
latrons in the region ~nclude the conversion of 
wetland/grassland coml)le~es to a~mually-tilled 
cropland and the establ~slinient of farmsteads w ~ t h  
assoc~ated windbreaks, food sources, water, and 
human presence (Sargeant et al. 1993) These 
changes increased hab~tat structural divers~ty, 
favoring many predator species More diverse and 
stable food supplies became available to coyotes, red 
foxes, and raccoons. However, changes in the 
abundance of these species, part~cularly the canids, 
cannot be attributed solely to habitat changes. 
Extensive killing of predators m the PPR by 
humans not only resulted in the extirpation of some 
specles, such as the gray wolf, but probably pre- 
vented the expansion of new predator populations 
for several decades. H ~ g h  fur prices prior to the 
1940s, coupled with rural res~dents' dislike for 
predators, held populations at low levels. When fur 
prices collapsed during the 1940-60s, the animal 
damage and control-of-d~sease programs resulted in 
the deaths of tens of thousands of mammalian preda- 
tors lhese programs, however, failed to reduce red 
fox populations to low levels, while having a consid- 
erable en'ect on coyote abundance, particularly in 
~ntcnsivcly fal-rned areas (Adams 196 1) 
Interspec~lic relat~ons of canids appear to be 
another dom~nant factor afl'ect~ng the cu~rent d~stri- 
but~on and abundance of the canid species in PPR 
(Sargeant 1982). Although habitat changes also 
allowed raccoons to expand thew range, incompati- 
bil~ty with other predator species probably impeded 
raccoons from expanding their range earlier. 
Inter- anti intraspecific prctlator interactions: 
duck production consequences 
Predator conunun~ty cornpos~t~on can impact 
duck nesting success (Sargeant et al. 1993, Green- 
wood et al 1995, Sovada ct al. 1995) Of pa~-t~culal- 
consequence to duck product~on In the prair~e 
potholc reglon are interact~ons between (among) 
specific predator species 
Coyotes suppress the abundance of red foxes 
(Cr~ddlc 1929, Sargcarit 1982, Voight and Earle 
1 983, Sargeant et al. 1987, Marr~son et al. 1989) 
Sargeant et al. ( 1 993) repoi-ted a strong inverse 
~.elat~onsh~p bctween coyote and red fox numbers. 
Circumstant~al cv~dence also suggests that coyotes 
may suppress raccoon populations In the PPR 
(Cowan 1973, Stelfox 1 980, Clark et al. 1989, and 
Sargeani et al. 1993) Coyotes also occasionally prey 
upon striped skunks (Godin 1982). 
Several authors have suggested that coyotes can 
affect the abundance of predators other than red 
foxes sufficiently to the estent that duck nesting 
success is enhaced. Howevm, there is little evi- 
dence in the literature to support this contention. 
Klett et d. (1  988) initidly suggested that diRerences 
in predator communities from east tu west in the 
PPR, particulmly the cmids, rnay have been the 
reascm for o h s e n d  higher nest success in tvestem 
portions of the region. Coyotes \vere more cvmmon 
than red foxes in the tvestem portion of the region 
than m the east. 
Greenwvod et al. (1935) and Sovada et al. 
(1995) attributed d~erences  obsemd in nest 
success between coyote-dominated areas and fos- 
dominated arcas to coyote suppression of red hues. 
Sovada 'et al. 1935) reported that average nest 
success in coyote-dominated areas \vas 1 5% highsr 
than m fox-dominated meas. This dilt'crence ln nest 
success ts lmportant because thz hrgher rate eucssds 
nest success thresh~71d le\ els siiggsated by Courird~n 
et al ( I 985 t for mtiintriining stable populations of 
severa1 species of dL1bbling Jucks. 
Greenwcd et ai (1395) cind Soviiii~ et a1 
( 1395) stiggest tti.it, m arcas ivhsre co-.otcs densities 
are relatively low, coyotes rna- benefit ducks by 
rerlucmg nest pred'ition b! hses  However, in arelis 
where coyotes are abunilant, thq can prey euten- 
sively on nesting hens and duck nests (Glup md 
McDaniel 1 988) 
Management Implications 
Greenwood et al ! 1335'1 md Sovacid et a! 
( 1995) reported a high ciitgee of~.arrat?ility !n nest 
success among sttidy s~tes md ilmong years. 30th 
studies alw re~orted that predation u as the cause of 
most nest Iailures, md predlitor indicss also vaned 
cunsiiierabl) mong areas and years. These results 
support Johnson et iil 'S (1983) contention that 
p&Lor n~unbm i ~ l ~ n e  ar  not the wle deterrninmt 
of nest sticcsss Other hctors uIsl> d e c t  nest SUC- 
cess. such JS the abiind,ince of b d e r  spaies, 
hhitcit y u s l i ~  mil qii~intie, the abund~nce of uther 
pred~tcirs SFL'CLZS. and i r  ate~?ciwl nest dcnsities. 
Van'~bility in nsst success among coyote- 
dominr\teci mil tou-dominared arcas indicates that 
the prcsznce of coyotzs done ma- not tnsure high 
nest success ( Sovada et ril 1395). Their tvork kvas 
conducted iicnng a drought pzriod, pnmaríly on 
Conservation Reserve Program lands that had b m  
d e d  to perennial grass cover. The additional 
grmland may have resulted in geater dispersion of 
b k  wsts tvhich reduced heir risk to prdation. The 
unxight a lw  may have contributed to a reduction in 
duck abundante and nesting eEort (Smith 1969, 
Krapu et al. 1983). Low nest density may have a 
positive intluence on nest mccess by rducing 
predator etficiency (Marshall 1 307, Wsller 1 979, 
Hill 1984). 
Long-tem management eEoits desiped to 
increase duck production must be applid at the 
l i inkape Ievel in h11 consideratiun of the species' 
ha hitat requirements, habitat quali ty and qumtib , 
prabtor composition and abundmce, and predation 
nsks. Consideration also should be given to encour- 
a;mg sui5cisnt cotote numbers to eucluiie red foues 
in xeas of the PPR ithere the potsntiai esists to 
increase duck prcductiun withour constyuence tu 
d~>mzstic livestwk prcduction ur other ivildlitz 
~ ~ ~ i e s f G r m u ~ ~ i r l e r ~ i 1  1935. Sokadast al 19351 
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SHEEP AND GOAT LOSSES IN RELATION TO COYOTE DAMAGE 
MANAGEMENT IN TEXAS 
GARY L. NUNLEY, U.S. Deputment of Agriculture, Animal and Plant Health Inspection Service, Texas Animal 
Damage Control Program, P.O. Box 100410, San Antonio, TX 7820 1 - 17 10 
Abstract: The avesage repo~ted sheep and goat loss to coyotes (Canrs latrans) in 1992 on those propel-ties worked 
by the cooperative animal damage control program were relatively low. Sheep and goat losses were not evenly 
distributed among the producers. Geographical distribution of the losses reflected a positive relationship between 
relative coyote density and livestock losses. The sheep and goat industry is adversely affected by the cumulative 
losses of those producers suffelmg high levels of predation. 
The Texas Animal Damage Control PI-ogsam 
(ADC) is a coopel-ative wildlife damage manage- 
ment agency compr~sed of the Animal Damage 
Control Program of USDA's Animal and Plant 
Health Inspection Seivice, the Texas Animal Dam- 
age Control Service of the Texas A&M University 
System, and the Texas Animal Damage Control 
Association One of the functions of the cooperative 
program 1s to conduct direct contl-ol operations for 
the protection of sheep and goats fi-om depredation 
by coyotes and other predators Historically, the 
progam's pi-ima~y control strategy has been to 
attempt to prevent the infiltration of coyotes into the 
major sheep and goat production areas (Nunley 
1995) 
Through its management info~mation system, 
the Texas ADC progsam collects livestock loss 
information f o m  the individual PI-oducers who 
receive direct control assistance fsom Texas ADC. 
The program also documents the number of coyotes 
and other predators taken from each property 
worked This paper describes the analys~s of the 
intenelationships of PI-oducer- and industry-level 
livestock loss data, relative coyote densities, and 
coyote damage managelnent efYo1-t~ for the year 
1992. 
Coyote predatory behavior 
Coyotes are predators that al-e equlpped physi- 
cally and behaviol-ally to locale, pursue, and kill 
small- and medium-sized prey (Knowlton 1980, 
1989) Rodents and lagomolphs generally make up 
the bulk of the coyote d~et ,  but they are capable of 
lulling prey 6-8 tlmes their own size under appropri- 
ate c~rcumstances, which includes sheep and goats 
While they are innately programmed to kill, the 
recognition of suitable prey and the ability to capture 
it at least patially reflects skills derived from experi- 
ence and practice. Like many predators, coyotes 
fi-equently kill more than required for their immedi- 
ate needs This may be paltially due to innate 
lesponses to spec~fic stimuli, but also because there 
we sul-vival values in practicing capture techniques 
and caching their prey. 
Wade (1981) described four conditions that 
ful-ther characterize the limits within which coyote 
predation occurs: ( I )  anything that is palatable, 
available, and of a suitable size is "natural" food to 
coyotes, (2) if only wild prey, fiuits, and berries were 
available these would comprise the entire coyote 
diet, (3) if only domestic prey, fiuits, and berries 
were available these would complise the entire 
coyote d~et ,  and (4) in the absence of coyotes there 
cannot be coyote predation. 
In studies of the sheep killing behavior of 
captive coyotes, 8 of I 1 pen real-ed coyotes individu- 
ally killed 35 to 70 pound lambs (Connolly et al. 
1976). These pen-reared, and thus naive, coyotes 
possessed the inherent inclination and ability to kill 
sheep. In this study, food deprivation had no dis- 
ce~nible ffzt on the kllling behavior of coyotes but 
d ~ d  influence feeding activity on kills. These obser- 
vations suggested that hunger is not always the 
primaiy motivation for predatoiy behavior. In a 
sim~la- study, 18 of 19 pen-raised coyotes, and 38 of 
54 wild-caught adult coyotes, killed sheep when 
placed in a 2.5-acre pen with sheep (U.S. Fish and 
Wildl Sew. 1978). Frequency distribution of loss rates 
These stud~es lndlcate that not all coyotes kill 
sheep, but most will lealn to kill sheep, particularly 
lambs, if regularly given the opportunity (U.S. Fish 
and Wildl. Sew 1978). We can assume that the 
same applies for goats, especially kids. 
Livestock loss survey 
In early 1993, Texas sheep and goat producers 
provided the program with estimates of their 1992 
livestock losses to specific predators as well as all 
other causes. These l~vestock losses were reported 
only fi-om properties \\/here coyotes 01- other preda- 
tors where belng taken by ADC at various levels of 
intensity fol- the protection of sheep and goats. 
These producers Indicated that there were: 
885,000 adult sheep, 
628,000 lambs, 
72 1,000 adult mohair goats, 
282,000 nioha~r kid goats, 
93,000 adult spanish goats, and 
66,000 spanlsli l i~d goats 
being protected by ADC on the~l- properties Coy- 
otes were responsible for 64% of the sheep losses 
and 56% of the lamb losses caused by predators 
(Fig. 1) Coyotes were also responsible for 63% of 
the goat losses and 42% of the kid losses attributed 
to predators (Fig. 2). Note also the d~tTerential 
vulnerab~l~ty among livestock from predation. 
Lambs were mol-e apt to be k~lled by coyotes than 
adult sheep. However, the dit'ierential was less of a 
factor between adult goats and kids. 
The best overall estimates available for sheep 
losses to coyotes on PI-opesties without damage 
control are 4.5% for sheep and 17% for lambs 
(USDA 1994). On properties with damage control, 
losses to coyotes a-e estimated at 1.2% for sheep and 
4% for lambs (USDA 1994). Figure 3 indicates the 
percent of Texas sheep and goats protected by the 
progsam in 1992 that were lost to coyotes, other 
predators, and causes other than predation This 
data reflects that a relatively small 0.4% of the 
sheep, 1.7% of the Iambs, 0.9% of the goats, and 
2.4% of the kids were lost to coyotes. 
To unda-stand the relevance of this average loss 
data, the frequency distribution of the losses at 
varylng loss rates was analyzed. One of the d~sad- 
vantages of "average" loss data is that losses are not 
equally distributed (Wade 1982) Some producers 
suffer losses which jeopardize economic survival, 
some suffer losses that they can su~vive, and some 
sustaln no losses Figure 4 illustrates this point in 
that 12% of the lamb producers reported losses in 
excess of 10% while 54% reposted no losses to 
coyotes Similarly, 19% of the kid goat producers 
reposted losses In excess of 10% while 57% re- 
po~ted no losses to coyotes (Flg 5) 
Geographical distriljution of losses 
l l e  geogsaphical d~stribution, by county, of the 
repolted losses throughout the major sheep and goat 
production area was examined nest Rather d~stlnct 
I-egional areas of "low", "moderate", and "high" lamb 
and kid losses were delineated f o m  this analysis 
(Figs 6,7) When compal-ing the distribution of 
these regons to the suspected relatlve abundance of 
COYO~L 'S  within each reglon, a posltlve correlation 
e s ~ s t s  (Fig 8). This posltlve con-elat~on between 
sheep and goat losses and coyote numbers in the 
area of the Edwards Plateau has also been docu- 
mented by othel- authol-s (Shelton and Klindt 1974, 
Pearson and Carolme 1981 ). 
Predator-prey ratios and loss rates 
The conelation between predator numbers and 
livestock losses reflects the impact of the predator- 
prey ratio which prescr~bes that a population of 
predatol-s will kill at some rough per-predator rate 
times the number of PI-edatol-s in the population 
(Wagner 1988). A more dense coyote population 
will impose a Iughel- kill I-ate on a specific sheep and 
goat populat~on 
On the other side of the equation, we can see 
that even w ~ t h  a constant coyote population, the 
percent of an~mals lost will be higher on a small 
sheep and goat operation than a large one. Thus, the 
concentration of sheep and goats, and/or sheep and 
goat producers in a glven area, IS an Important factor 
in explaining some of the diflerences in losses 
(Nielsen 1977, Pearson and Caroline 1981 ). The 
counties with the highest percentage losses to coy- 
otes are those with med~um- and low-density sheep 
and goat populations located on the edges and 
adjacent to the Edwards Plateau. These are also the 
areas of higher coyote densities. 
Impact of sheep and goat losses to coyotes 
Economic s u ~ v ~ v a l  is improbable for those 
producers suffering the higher level of losses to 
coyotes, and especially in those cases compounded 
by additional livestock losses to other predators. 
Producers who fall to sulvlve are replaced 11.1 the 
high-loss catego~y by others whose operations then 
beas the blunt of prcdator populations Utiliz~ng the 
pl-evlous data (Fig 4), IS lamb producers with at 
least a 10% loss to coyotes went out of business, 
then 22 1 or 19% of the producers would cease 
operation. In the case of lamb producers with at 
least a 25% loss, 72 or 6% of the producers would 
terminate production Consequently, the average 
coyote loss statistics of 1.7% for lambs and 2.4% for 
kids means little to those produce:-s leaving the 
industiy because of high predation losses. 
The cumulat~ve Impact of the loss of these 
producers is not adequately recogn~zed since they 
ase not reflected in future loss surveys Loss suiveys 
usually do not measuse the eRects of a producer's 
inabil~ty, due to predation or the threat of predation, 
to graze appropriate rangelands with sheep and 
goats 
Indust~y or state average suivey data of live- 
stock losses is important. I-Iowever, it is also neces- 
sary to esamine the fi-equency and geograph~cal 
distribut~on of' the magn~tude of loss among the 
ind~vidual producers In this way we can better 
understand the intenelationsh~ps of coyotes, coyote 
predation, coyote damage management, ind~v~dual 
producers, and the sheep and goat indust~y as a 
whole. 
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Feral Hogs 10% Feral Hogs 6% 
bcats 19% 
Coyotes 42% Red Fox 6% 
Feral Dogs 9% 
Coyotes 63 Raptors 16% 
Other 11% 
Goat Losses - 10,867 Kid Losses - 19,794 
Fig. 2. Goat and kid losses to predators in 1992 on properties protected by the cooperative 
animal damage control program. 


Number of Ranches Percent of Ranches 
Percent Lost 
Fig. 5. Percent kid goat loss to coyotes in 1992 on 1,012 ranches protected by the cooperative 
animal damage control program. 
Figure 6. Geographical distribution of lams lost to coyotes in 1992 on 1,182 ranches protected by the cooperative 
animal damage control program. 
Figure 7. Geographical distribution of kid goats lost to coyotes in 1992 on 1,012 ranches protected by the 
animal damage control program. 
Figure 8. Coyotes taken in 1994 by the cooperative animal damage control program per 10 square miles of area 
worked 
PREDATION IMPACTS AND MANAGEMENT STRATEGIES FOR 
REDUCING COYOTE DAMAGE TO CATTLE 
RICKEY L. GILLILAND, District Supervisor, Texas Animal Damage Control Service, Box 277, West Texas 
A&M University, Canyon, TX 790 16 
Abstract: Loss of cattlc to prcdators influences productivity of many livestock operations. Statistics indicate that 
coyote (Catlis 1att.atis) predation is a principle threat. Impacts to livestock resources by coyotes are appraised. 
Irnplementat~on of control strategies which capitalize on coyote dispersion and social interactions are discussed. 
Predator management to reduce livestock losses and promote a younger age stlucture in coyotes is suggested as 
a long telm solution. 
-- 
tural Statistic Se~vice (1995), there were 15.1 
Coyotes have been p a t  of rangeland ecosystems 
for thousands of years. H~storically, their predatoly 
niche took a subordinate pos~tion to larger predators 
such as wolves (Canis spp ), large cats (e g., moun- 
tain lions, Felts corrcolor.) and bears (U~SIIS spp.). 
Land use within the last 125 years has altered preda- 
tor composltlon, favor~ng the highly adaptable 
coyote T h ~ s  intell~gent animal has flourished in the 
absence of competition with larger predators. 
Behav~orally, [lie coyote has succeeded as an 
opportunist, exploiting a variety of food sources 
made available by man's agriculture and habitation. 
D u n g  this centu~y, eastern hab~tats have supported 
h~gh  deer populat~ons commingled with human 
settlement s~tuated throughout agricultural and 
forested landscapes These factors have contributed 
to a greater food base for coyotes (Thiu-ber and 
Peterson 199 1). 
Presently, coyotes are expanding across much of 
continental North America. In Tesas, coyotes con- 
tinue to populate intensely-managed, low predator 
density areas through noimal population dispersion 
and compensato~y reproduction. 
Predation impacts on cattle 
S ~ n c e  1970, numerous studies have been con- 
ducted to dctenn~ne the magnitude of livestock 
losses to prcdators, pal-t~cularly coyotes (Andelt 
1987). Tesas leads the nation in cattle, sheep, and 
goat product~on According to the Texas Agricul- 
million total cattle in Tesas in December, 1994 The 
calf crop for 1994 totaled 6.2 m ~ l l ~ o n  head. 
Cattle pl-oduction in Texas occurs among 
diverse operations which include range cattle, fed 
cattle (in feedyards), and daily cattle. Overall, cattle 
distribution across the state is fairly uniform 
According to a survey by the National Agricul- 
tural Statistics Service (1 992), calf losses in Texas 
to predators during 199 1 totaled 23,400 head. This 
represents an estimated $7.84 million loss to Texas 
producers. Predators accounted for 106,400 head of 
cattle and calves lost in the United States during 
1991. Tesas lost 26,400 head of cattle and calves to 
all predators accounting for an estimated value of 
$9.865 m~llion The value of the 17,200 cattle and 
calves lost in Texas to coyotes alone was $6.102 
million (NASS 1992, Texas ADC Service 1993). 
Predat~on to cattle occws statewide with heavier 
impacts felt in the areas of h ~ g h  coyote densities. 
Generally speaking, h~ghei- coyote densities are 
found with111 the ccolog~cal areas surrounding the 
Edwards Plateau. Ranch~ng operations within the 
Edwards Plateau princ~pally support more sheep, 
goats, and exotic wildlife than cattle, as compared to 
tlie rest of the state. Consequently, intensive predator 
management is necessary to curb livestock losses. 
As a result, cattle production within this area bene- 
fits fiom a lower coyote populat~on and is less likely 
to be ~mpacted by predation than in areas of higher 
coyote dens~tv 
The South Texas Plains, Trans-Pecos, Cross 
Timbers, Rolllng Plains, and the High Plains typi- 
cally suppo~t more coyotes These areas are home to 
many large ranching operat~ons. Cattle production is 
generally cow-calf and seasonal stockerlyearling 
operatlons. Obviously, calving operatlons are more 
vulnerable to predat~on Historically, cow-calf 
operators managed herds for early spring or fall 
calving durlng m~ldcr weather. Today, modern 
ranch~ng operations vary in management strategies 
from seasonal to ycar round calving. 
Coyotes preylng on cattle generally attack 
newbo~n to 500 pound calves. I-lo\vever, most calves 
killed by coyotes are with~n the first few weeks of 
bil-th. Adult cows are occas~onally killed or seriously 
damaged by coyotes during complications arising 
fro111 calving. Problems associatcd \\lith cal\111ig can 
hinder a cow's defense abilities (e.g , ternpol-a~y 
paralysis), ~ncreasiiig vulnerab~lity to predat~on 
L~vestock husband~y practices (c.g., close confine- 
ment during calv~ng) have the potential to reduce 
coyote predat~on (Voigt and Berg 1987). I-Io\vever, 
praclicality of range cattle management often pre- 
cludes protect~on fi-om predat~on (i e , large pastures, 
remote arcas) 
coyotcs. In some Instances, group behavior (i e ,  
pack fotmatlon) can be related to pup-rearlng, 
predatlon on large prey that may require group 
hunt~ng strategies, or defense of carrion (Camenzind 
1978, Bowen 198 1, Voigt and Berg 1987) 
During whelping season, parents consume h~gh  
protein food items which are returned to the pups 
and regurgitated for their consumption. In areas 
experienc~ng calf losses, body parts may be discov- 
ercd at den sites. Such evidence is key to ident~fy~ng 
and removing offending coyotes. High nutritional 
dcmands on coyotes during spring and summer pup- 
rearing no~mally co~ncide with the peak of natural 
prey availability (e g , fawns, rodents) Additionally, 
cattle operations employing spring and summer 
calving schedules augment natural prey choices and 
scavenging opportunit~cs through the calving pro- 
cuss 
It IS presumable that cattle may be a prefen-ed 
prey clio~ce by dcpredat~ng coyotes as related to 
abundance, and reduced avoidance strategies com- 
nion of dornest~c prey. In many s~tuat~ons, a depre- 
dated calf more ellic~ently feeds a coyote family, as 
compared to feeding on smaller prey Additionally, 
the esploitatlon of larger prey animals decreases 
hunt~ng and foraging intcivals Further, larger prey 
allow adult coyotes more time to safeguard pups and 
denning arcas agaliist threats 
Prey selection 
Ilitlirect influences 
Factors that lntlucnce prey choice by predators 
are absolute abundance, relative abundance, and 
relalive value ofpotcntlal prey types (Estabrook and 
Dullham 1976, Windberg and Mitchell 1990) 
Wmter calv~ng, \vh~ch usually occurs d u r ~ ~ i g  nommal 
declines of natural prey (I e , late \v~nter), Increases 
vulnerability of calvcs to coyotes. Decreases in 
natural forage stress coyotes into alternate feed~ng 
patterns. Winter d ~ c t  contains larger items such as 
deer (either prey or can- on), I~vesrock carrion, or 
locally abundant lagoino~ph species (Voigt and Berg 
1987). Extended winter stress periods place high 
nutr~tional demands on coyotes and olien result in 
cattle depredat~on and carcass scavenging. 
Predat~on losses are often highest in sprlng and 
summer con-elating to pup-reai~ng Pup-rear~ng may 
stinli~lates predatlon on larger prey dur~ng a tune of 
high nutritional dcmands of adult and juvenlle 
Becausc of the oppol-tunlstlc behavlor of coy- 
otcs, pi-cdation to cattle can occur ycar round 
I'rcdat~on by coyotes In a diverse prcy community 
has not becn evaluated In I-elation to fluctuations in 
abundance of prey (Windberg and M~tchell 1990). 
fIowevcr, factors influencing natural prey availab~l- 
ity other than weather (e g , d~scascs to rodent 
populations and other dec~mating variables) are 
probable indirect inlluences contributing to livestock 
depredation in some circumstances. 
Coyotes In ccitain situations can depend heavily 
on f ru~ t  production of natlve plants Me~nzer et al. 
(1 974) evaluated the diet of coyotes in the Rolling 
Plains ecological area during 197 1-73 They ob- 
sa-ved that li-ults of native shrubs, as a group, were 
the coyote's major dieta~y item. They further con- 
cluded that coyote predation on cattle or calves 
might be a problem in years when high coyote 
density coinc~ded with low native f iu~ t  production. 
Undoubtedly, natural forage abundance and 
nutr~tional value can buffer or minimize livestock 
depredation However, hab~tual ivestock depreda- 
tion by coyotes can be a specialized bellavior that 
must be dealt with on an ind~vidual basis. Extreme 
livestock depredation situations (i.e., su~plus killing) 
provide additional evidence of abetrant behavior that 
defy the nolm. Although such behavior is more 
prevalent involving resources other than cattle (i.e., 
sheep and goat), evidence to support this behavior 
involv~ng cattle has bcen observed 
Population dynan~ics  ant1 interactions ' 
Much of \\hat is li~io\\~n today about coyote 
populations and nio\lcmcnt is due to research con- 
ducted within the past twenty-livc years Knowledge 
ganied in stud~es during the 1970s has resulted in a 
much better undcrstanding of the variability and 
adaptab~lity of coyotes across North America (Voigt 
and Berg 1987). l'opulat~on dcnsity, home range, 
d~spersal and rcproduct~on quest~ons continue to be 
studied to r c l in~  damagc management objectives 
Social behav~or and coyote demographics (specifi- 
cally populat~on age structure) have become key 
factors influencing damage management strategies 
for protect~ng cattle resources. 
Obse~vations across high coyote density areas 
of the High and Rolling l'lains have rcvealed that 
m~ddle (3 to 5 years old) and older (>5 years old) 
age classcs of coyotes are 131-~rnarily respons~ble for 
cattle deprcdatlons. T h ~ s  is further supportcd by 
exammallon of target coyotcs removed from within 
and near areas of confinned calf losses. Aerial 
hunt~ng observat~ons of coyotes attacking or con- 
suming freshly k~llcd calves are common. Further 
ground truth cxaminnt~on of stomach contents and 
aglng by tooth wcar (G~cr  1957) con-oborate age of 
offending coyotcs To s~niplify class~fication, age 
groupings of young (13 years), middle age (3 to 5 
years) and old (>5 ycars) are conlmonly used among 
management technicians. 
The slze and \ve~ght of coyotes are comnionly 
overestiniated, perhaps because their long pelage 
masks a bone structure that is I~ghter than that of 
dogs (Vo~gt and Berg 1987). Adult coyotes nor- 
mally weigh 20 to 35 pounds, w ~ t h  males usually 
about 4 pounds heavler than females (Gier 1968, 
Andrews and Boggess 1978, Berg and Chesness 
1978, Todd 1978, Voigt and Berg 1987). Predation 
of large animals such as calves, often defended by 
aggressive cows, require considerable strength, 
agility and execution of skillful tactics Coyotes that 
successfUlly prey on cattle have attained the neces- 
saly predatory prowess and strength through age. 
Post-mortem examinations of fresh quany often 
indicate masterful kills by coyotes that are much 
smaller than their prey. Subcutaneous hemorrhaging 
fi-om attacks in the throat region is hrther ev~dence 
of k~lls  made by experienced coyotcs. In contrast, 
incidence of bobbed tails on calves and mutilation 
associated w ~ t h  inept, I-ear end attacks IS often 
indicative of youngel-, ~nesperienced coyotes or 
domestic dogs Such evidence is construed as an 
indicator of ~ml~cnding losses. Rampant occurrences 
may ful-ther ~ndicate a matunng and threatening 
populat~on of coyotes in problem areas. 
Management Implications 
Presuming that coyotes 2 3  years of age are 
I-espons~ble for most calf losses, it reasons that 
damage management ob-iectives should mitially 
focus control eiforts toward m~ddle- and older-aged 
coyotes Control cll'o~ts that specifically target older 
coyotcs in areas of calf losses have a demonstrated 
eilectiveness of resolving conflicts. However, 
targeting and removlng spec~fic, offending coyotes 
can be challeng~ng In addit~on to aerial hunt~ng, 
proper appl~cat~on of control methods that entice 
do~iiinant behav~oral responses has been used 
successfully 
Implementing general population suppression 
can assist long telm damage management objectives. 
The removal of coyotes from high density problem 
arcas can ~niluence populat~on dispel-sion The 
dynamics of coyote populat~ons depend on natal~ty, 
niol-tality, emigration and immigration (Knowlton 
1983, Voigt and Berg 1987) D~spersal is generally 
fi-om high to low density areas but is complex 
(Davison 1980, Knowlton 1983, Voigt and Berg 
1987). Kno\vlton (1 972) suggests that dispersal of 
animals seelilng to establish themselves In new areas 
is pcrhaps the most important movement pattern in 
management schemes. It is further stated that 
immigration (i.e., a one-way movement into an area) 
prov~des the mainspring for restocking where re- 
moval has been the prima~y objective of coyote 
management Recu~ring control efl'ol-ts that remove 
p~unaily subadult aid young adult coyotes (<3 years 
of age) imply imm~gratlon by younger coyotes. 
Conclusions and Reconimcndations 
It concludes that the older, more experienced 
segment of the coyote population is responsible for 
most calf losses. Therefore, losses may be signifi- 
cantly reduced by initially targeting those animals. 
A maintenance program of general populat~on 
suppresslon wh~cli conscquently influences dispel-- 
sion of younger, less threaten~ng coyotes into lower 
density areas is often necessaly to ensure long tern1 
reductions of l~vestock losses. 
Ackrio~vletJgttrerrts: I w ~ s h  to thank Gene M~ller 
(Texas Parks and Wildlife Department), Ronn~e 
Smith and Karen Dulaney (Tesas An~nial Damage 
Control Se~vlcc), and Cindy Gilliland for thc~r 
helpful revie\v and suggcstlons 
Literature Cited 
Andelt, W F 1987 Coyote Predation Pages 128- 
140 111 M Novak, .l A Baker, M.E. Obbard, B. 
Malloch (Eds ) Wild fur be are^- Management 
and Conscrvat~on In North America The 
Ontario Trappers Assn , Prov of Ontario, 
Minist~y of Nat~u-al Resources, Ontario. 
Andlecvs R.D., and E.K Boggess. 1978. Ecology of 
coyotes In Iowa Pages 249-265 111 M Bekoff 
(Ed ), Coyotes b~ology, behaviol-, and inailage 
merit Academ~c Prcss, New York, N. Y. 
Berg W E., and R A. Chcsncss. 1978. Ecology of 
coyotes In northern Minnesota Pages 229-247 
111 M. BekoE (Ed ), Coyotes b~ology, behavior, 
and management. Academic Press, New York, 
N.Y 
Bowen W.D., 198 1 Var~at~on in coyote social 
organ~zation: thc ~nflucncc of prey size. Can 
J Zool. 59 639-652 
Camenzind F.J., 1978 Behav~oral ecology of 
coyotcs on the National Elk Refuge, Jackson, 
Wyoming. Pages 267-294 in M. Bekoff (Ed.) 
Coyotes biology, behav~or, and management. 
Academic Press, New York, N.Y 
Davison R.P., 1980. The effect of exploitation on 
some parameters of coyote populations. PhD 
Thesis, Utah State Univ., Logan 153pp. 
Estabrook G.F., and A.E. Dunham. 1976. Optimal 
diet as function of absolute abundance, relative 
abundance, and relat~ve value of available prey. 
Am. Nat 1 l0:40l-4 13 
G I ~ I -  -I.T., 1957 Coyotes in Kansas. Kans. Agric 
Esp. Stn Bull. 393 , Manhattan. 97 pp 
1968. Coyotcs in Kansas Revised Kansas 
State Un~v ,Agr~c. Esp Stn Bull. 393 1 18pp. 
Knocvlto~l F F, 1972. Prelim~na~y interpretations of 
coyote population mechanics with some 
management ~mpl~cations .IWildl. Manage 
36.376-377. 
. 1983. Coyote populat~on dynam~cs: another 
look Pages 93- 1 1 1 it1 F L Bunnell, D.S 
Eastman, and J M Peek (Eds.), Proc Symp. 
on the Natural Regulation of Wildlife Popula- 
tions. Un~v. Idaho For., W~ldl., and Range Esp 
Stn., Moscow. 
Me~nzer W P., D N. Uecka-t , and J T. Fl~nders. 
1975 Food n~che  of coyotes in the Rolling 
Pla~ns of l'csas I. Range Manage. 
28~22-27. 
National Agr~cultmal Statistics Sel-vlce 1992. 
Cattle and calvcs death loss. U.S D A., 
Washingon, D.C 20pp. 
Tesas An~nial Damage Control Scl-vlce 1993 
Activity Repoi-t FY 1993 San Antonlo, Tx 
6 5 ~ ~ .  
? ?  1 cxas Agricultural Statistics Sel-vice, 1995 Cattle 
and calves inventory. U.S D A , Texas Dept. of 
Agr~c ,Austin, Ts. 
Thurber J M., and R.O. Peterson 199 1. Changes in 
body size associated with range expansion in 
the coyote. J. Manvn 72 750-755. 
Todd A.W., 1978 The coyote. Bull. Can Assoc. 
Humane Trapping 1978 (Summer): 3-5. 
Voigt D R , and W.E. Berg. 1987. Coyote. Pages 
345-357 in M. Novak, J.A. Baker, M.E. 
Obbard, B Malloch, (Eds.), Wild Furbeal-er 
Management and Conse~vation in No~th Arner- 
ica. The Ontario Trappers Assn., Prov. of 
Ontario, Minist~y of Nat Res., Ontario. 
Windbesg L A , and C'D. M~tchell 1990. W~ntel- 
diets of coyotes in relation to prey abundance in 
southen] Texas. J Mamm. 7 1.439-447. 
ESTIMATING LIVESTOCK LOSSES 
CHARLES DRAIN, Agl-icultural Statistician, U.S.D.A. National Agricultural Statistics Service, Texas 
Agricultural Statistics Seivice, P.O. Box 70, Austin, TX 78767-0070 
Abstract: Most information published by the Texas Agricultural Statistics Service (TASS) is based on data 
gathered thl-ough a system of Sample Surveys. TASS regularly suiveys sampled farms and ranches and agricultural 
businesses m order to make statistical ~nference (estimates) for a total population. The alternative to usrng a sample 
survey would be to make a complete enumeration or count of the entire population. Both cost and timely results 
favor the survey approach. This discussion is an attempt to explain the concepts and sampling methods TASS 
employs in conducting baslc surveys, for both inventory and death loss data for cattle, sheep and goats The 
discussion wlll rnclude how estimates were developed for sheep and goat losses to predators and other causes 
during 1994. 
Sampling fratnc 
Evely saniple sluvey requires the availability of 
a sampling fame. The population to be sampled (for 
our drscussion, cattle, sheep and goat operations in 
Texas) must be divided into sampling units. The 
sarnplmg fiame defines the population and identifies 
the operations that are available to be saiilpled 
Sampling units can be names of people representing 
farm or ranch operations, or units of land as delin- 
eated on photogi-aphs or maps. The basic require- 
ments of an eflectlve sampling fsame are that its 
sample units, when aggsegated, contain the entire 
population and that individual sample units do not 
overlap. 
TASS surveys use 2 kinds of frames, the "Asea 
Frame" and the "Lrst Frame." The concept of area 
fi-ame sampling is simple The land area to be 
surveyed (in this case the state of Texas) is divided 
into small blocks called segments, with unique and 
identifiable boundaries that can be delineated on 
aerial photographs or maps No segment has more 
than one chance of being selccted The sample IS a 
random sclcction of segments 
The asea fi.ame provides a sampling vehicle for 
an unlimited variety of surveys The survey popula- 
tion can be colnposed ofrepoi~ing units that are faim 
households, falm headquai-ters, animals, plants, 
gram storage facilities, or any other Identifiable units 
that can be associated with segments of land. The 
primaiy advantage of area frame sampling is that it 
prov~des a complete fiame; that IS evely acre of land 
in tlie state has a known chance to be selected, so all 
items being suiveyed have a chance of being se- 
lected by their association with a unique segment 
An area frame does not grow out of date in terms of 
coverage of the population. With the area fsame, 
extremely large samples are required to provide 
estrmates for commodities that (a) appear in less 
than 20% of the segments, (b) are produced on less 
than 20% of the faims and ranches, or 0 if the faims 
and ranches vaiy widely in size. 
The llst fi-me is a list of ftum or ranch operators 
or agrnbusinesses. The list frame contarns names and 
addi-esses, along with control data that Identify the 
relative size and type of the items of interest. The list 
frame has several advantages over the area frame. It 
permits the use of data collection by marl and tele- 
phone. It also allows the use of more efiicient sam- 
pl lng methods, especially for rtems produced on a 
small percentage of faims and I-anches or where 
there IS extreme vai-iabillty in srze of operations, as 
for livestock. If thc list fi-ame of farm or ranch 
operators contains ~nformation on relatlve size, the 
exh-emely large operations can be selected with high 
probabihty, or certainty to minimize their impact on 
the sampling variability 
A basic disadvantage of a list sampling frame is 
that it is nearly impossible to maintain a complete 
list that covers the entire population of Interest, and 
has a n e n t  classification data. In addition, maintarn- 
ing a complete list frame with current names, ad- 
dresses and control data for sampling purposes is 
very costly. 
Multiple framc sampl~ng is a survey techn~que 
that uses a comb~nation of list and area frames to 
galn the advantages of both The list frame is ex- 
tremely eflicient for large operations and operations 
that produce rare items. The area frame ensures 
complete coverage and can be used as an independ- 
ent estlrnator and also to estimate incompleteness of 
the list fi-ame 
Sample selection 
A typical niult~frnme saniple select~on proce- 
dure for a commodity requires that a "frame of 
interest" be establ~shcd for that commodity within 
the overall I~s t  frame For example, a cattle frame 1s 
establ~shed by 1dz11t1Syng names with control data 
ind~catmg the presence of caltlc, or a sheep frame IS 
established by ~dentifjling names with control data 
lnd~cating the presence of sheep Names that do not 
have cattle contl-ol data are not members of the cattle 
fsame. 
The same is t ~ v e  Ihr the shecp frame The 
classification process asslgns sample units to size 
groups (strata) hased on the relative slze of 
previously-repoltcd control data For example, all 
extremely large imts arc assigned to a d~ffercnt 
strati1111 than extremely small units An optlnium 
allocation procedure d~snbutes tlie list sample to the 
varlous strata T h ~ s  mcans that strata contaming 
operations with large numbers of cattle may be 
sanipled much more heavily than those having small 
herds The area fi-'me scgnients selected are used for 
a measure of incompleteness. 
For the Janua~y 1 ,  1995 cattle, sheep and goat 
survey, a random saniplr: of 4,842 Texas cattle, 
sheep and goat 131-oduccrs \vcre selected from tlie l ~ s t  
frame and 5 19 tracts of land li-orn the area frame. 
Sulvey procedures ensured that all cattle, sheep and 
goat producers, regardless of slze, had a chance to 
be included in tlie survcy 'The sample was selected 
to provide sufic~ent data to estimate the Items of 
mtercst at the state levcl only 1,arge operat~ons were 
sampled more heavily than small opel-ations (Table 
1). 
The survey was conducted duing December 30, 
1994 -January 16, 1995 by mail, telephone, and 
personal interview. Livestock operators were asked 
to report invcntoly data as well as total death losses 
for cattle and calves, and death losses by cause for 
sheep, lambs and goats for the 1994 calendar year. 
Estimation methods and procedures 
The computat~ons and procedures for translat- 
ing survey data into estimates involve technical 
considerations. Usually more than one method is 
available, but the choices are largely d~ctated by 
survey design. Thcre are distinct differences between 
the way estimates are derived from probability and 
nonprobab~l~ty surveys. 
Pt.obnh~l~(v su)veys Probability surveys are de- 
s ~ g ~ e d  on the premise that every unit in the popula- 
tion has a known probability of being selected The 
probabilit~es do not have to be equal, but they must 
be known and used In the selection process. 
Estimates can be made from probabil~ty surveys 
\v~thout depending on prlor survey info~mation or 
benchmark data. Because probabilit~es of selection 
assoc~ated 1~1th the sample units are known, data 
collected fi-om them can be used to obtain unbiased 
est~mates of current agr~cultural activities such as 
shccp and goat losses to predators. Also sampl~ng 
errors can be computed for probability surveys, 
PI-ovid~ng the stat~st~cian with a tool for evaluating 
the reliability of the estimates 
The factors involved in evaluating survey 
reliabil~ty are the sampling framc, survey design, and 
sample slze Each 1s important in maintaining 
sa~iipling errors at acceptable levels, although 
constraints on sample slze are frequently imposed by 
budget limitations Nat~onal Agr~cultural Stat~stics 
Serv~ce (NASS) min~m~zes  potcnt~al nonsampling 
el-1-01,s through survey ti-a~ning programs, question- 
nalre des~gn and testing, simpl~fied and uniform 
survey procedures, and comprehens~ve editing 
systems. The estimat~on model used In preparing 
estimates ofcattle, shecp and goat death losses from 
the Janua~y 1 ,  1995 mult~ple frame livestock survey 
(area and l~s t  ii-ame) is: 
where: 
Xo = the expanded total for the portion of the popula- 
tion included only in the area frame; 
X, = the expanded total for the portion of the popula- 
tion Included only in the hst fi-ame. 
Analysis of data 
Outlier reports can influence survey expansions 
considerably Outlier reports are sampled operations 
that report e~ther vely small or vely large answers 
that Ile apart fi-om the rest of the reports. In practice, 
only the extremely large reports are of concern. 
These reports present problems ~f not dctected 
Detection is primarily limited to identiljing oper- 
ations w ~ t h  answers that \my a great deal from 
control data 
Outliers (both l~s t  and area frame) are first 
identified in the rnach~ne edit List frame outliers are 
identfied again in a spec~al analysis summaly which 
excludes thesc reports. The summaly IS used to 
measure the outliers' impact on the estlmate The 
statistician evaluates the sampling errors assoc~ated 
with each estlmate, w ~ t h  and without outliers, when 
establishing a range for the final estimate 
Obtaining estimates of death losses 
Once the survey has been conducted, data 
ed~ted, summarized, and analyzed, the estimates are 
prepared for the Items of interest, i.e., death losses 
by all causes for varlous kinds of livestock. Only 
total death losscs were estimated for cattle and 
calves from the Januaiy 1, 1995 survey The survey 
questionna~re was not designed to obtain losses of 
cattle and calves by cause 
Total sheep (I -year old and older) losses from 
all causes were est~mated lirst using the multiple 
fi-ame direct expansion and ratio to all sheep l -year 
old and older inventoly. The survey ratio of losses by 
all predators was then applied to total sheep losses 
to arrive at an estimate for losses by all predators 
The survey ratio of sheep losses by type of predator 
was appl~ed to the estimate of losses by a11 predators 
to arrive at estimates by type of predator. Estimates 
of nonpredatory losses were prepared using the same 
procedure (Table 2). 
Total estimates of lamb (under 1 year old) 
losses from all causes before and after marking, 
docking, or branding were prepared utiliz~ng the 
multiple frame direct expansion and ratio to the 
1994 lamb crop. The survey ratio of predator losses 
to all losses of lambs before marking, docking, or 
branding, and after marking, docking, or branding 
was applied to their respective estimate of losses 
from all causes to arrive at estimates of losses from 
predators and nonpredators. The survey ratio of 
losses by species of predator was applied to the 
estimate for each of the parts to arrive at estimates 
by predator species, and by cause for nonpredatory 
losses (Table 2). 
Est~mates of goat losses were not made at the 
state level by predator species. However estimates 
were prepared at the state level for all losses to 
predators, losses to other causes and total losses 
(Table 4). Combined estimates of losses by predator 
species were prepared for 5 states (Arizona, Michi- 
gan, New Mexico, Oklahoma and Texas) by our 
headquarters office in Washington, D C. (Table 3) 
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Value of hsses From Predators 
-- Dollars -- -- Dollars -- 
35.00 39 00 
2.8 mil 1.2 mil 
Value per head 21.. . . . 
Value . . . . . . . . . . . . . . . 
I /  hcludes wolves, ravens, crows, pfgs, etc 
/Incudes bloat, scours, parasftes, enterotoxemfa, acrdosrs, etc 
3/lncludes pneumonra, shrpprng fever, etc 
!/Include mflk fever, twrn lambs dfsease. pregnancy toxemfa, etc 
_Ylncludes chillmg, drownfng. Irghbng 
b/lncludes nftrate polsonfng, noxrous feed, noxfous weeds, etc 
 includes all lambs before and after markmg, dockrng and brandrng 
B/lnclude lameness, old age, on back, drseases no1 reported earlrer, etc 
O/ Sheep value per head based on a two-year strarght average of the value of ewes one year old and 
ddw hvll fhe 1 Jan 94, and 1 Jan 95. NASS surveys Lamb valuehead based on the USDA annual 
average prrce recerved by farmers and ranchers fcr 60-pound lambs 
59.00 55.00 
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COYOTES: A SHEEP AND GOAT RANCHER'S PERSPECTIVE 
ELLIS HELMERS, P 0 Box 200, Sanderson, TX 79848 
The d~ctionruy defines perspective as "a view of 
thmgs or facts in relat~on to other facts and realities". 
When asked their vlews about coyotes and 
coyote damage, the words used by producers to 
describe their perspectives and comments are less 
than kind. It is d~fficult ~ O I -  a producer to find any- 
thing good to say about an an~mal that has cost him 
and the sheep and goat indust~y so much 
Most producers w ~ l l  admit that the coyote is 
smart and cunnlng; that it is an animal w ~ t h  tremen- 
dous adaptability which earns him the respect of 
producers They will also admlt that the price tag on 
coyote predat~on during the past 30 years IS probably 
greater than that of dl-outh and weak markets corn- 
b~ned 
The facts pretty well dictate what most sheep 
and goat producers' pcrspect~ve on coyotes will be. 
We see a lot of repol-ts and studies on predat~on that 
show numbers of livestock lost, and figures on the 
economic impact of these losscs. Such figures are 
tremendous, but they at-c only a small pall of the 
losses huit~ng productton 
The figures don't show the loss of years of 
product~ve potcnt~al, the loss of sheep and goat 
ranges when producers are fosced out of business, 
the expense of pi-edator contl-ol and management 
practices, the necessity of altering sound ranch 
management practices and schedules to prevent 
predation, and they don't show the amount of time 
lost on predator management 
One of the worst losses that a producer must 
face is the mental angu~sh of seeing animals that he 
has raised and cared for, destroyed day aAer day. 
Most pl-ducers ase in the ranching business because 
it is a way of life that they wish to pursue; they like 
to see their livestock prosper and do well They 
have a large investment in this endeavor and usually 
see a vely small percent retu~n on theii- ~nvestment 
When you add up all the losses caused by 
coyote predation, it is probably the number one 
barner to pi-ofitable sheep and goat production in 
Texas 
I was raised on a ranch in Pecos County, where 
my family has ra~sed sheep and goats for over 50 
yeass During this time, the county has gone from a 
leader In sheep production to a county that can 
produce these animals on about 20% of its area. 
T h ~ s  change IS almost entii-ely a result of coyote 
predation. The northwestern two-thirds of the 
county has such large numbers of coyotes today that 
we probably will never see sheep and goats in that 
pol-t~on of the county again. 
These are the facts that shape a producers 
perspective on coyotes 
Another defin~tion of perspective is "from a 
pasticular mental point of view". This is a good 
definition because I h o w  of several producers, 
trappers and bankers who have developed mental 
problems because of the coyote 
In the past 40-50 years, there has been a rapid 
tsansition of the state's population from a rural to an 
ulhan way of I~fe. l'cople have moved away from the 
rural or agr~cultural point of view, changing the~r 
perspective about what goes on around them. This 
usban movement has made the producer's perspec- 
tive a small past of the overall picture. 
Most producers al-e devout conservationists 
They have to be good resource managers. They are 
not out to wipe the coyote off the face of the earth 
But In the back of their minds, and deep in the~r 
heaifs, they would like to see the coyote eliminated 
iiom that small percentage of the eal-th where sheep 
and goats are ra~sed 
AUDUBON'S PERSPECTIVE ON COYOTES 
DEDE ARMENTROUT, Reg~onal Vice President, 
Wallinpood, Suite 1505, Austin, TX 78746 
The National Audul)on Society 
The National Audubon Society is a charitable, 
non-profit citizens' scientific and education organi- 
zat~on. We were lb~med in the early 1900s as a 
coalit~on of ~ndcpcndcnt outdoor nature groups who 
banded together to conser\~c many specles of birds 
which wcl-e bc~ng destroyed by an unregulated 
market on meat and feathers. 
In 1904, feathcrs from some of the long legged 
wading birds wcre I~ta-ally worth their weight in 
gold: $32 00 an ounce. As a consequence of the 
high pnce, no education prog-ams, and no regulatory 
apparatus, parent b~rds  were being hunted year 
round, includ~ng whcn they had young in their nests. 
Especially dur~ng nest~ng seasons they were easy 
prey because of then. reluctance to leave their young 
Nesting colonies of b~rds  wcre rap~dly destroyed 
By hunt~ng nest~ng birds, the profiteers of the 
feather trade were ~nadvertcntly, but sel-iously 
<aEect~ng the likel~hood that subsequent genel-attons 
of those species would suwlve 
The Audubon Soc~ety used 4 tact~cs in ~ t s  
campaign to protect long lcgged wading birds Srom 
the plume trade. First, they uscd education and 
publ~c~v;  p~ibl~sli~ng notes, art~clcs, editor~als, adds, 
and poems; giv~ng spccchcs, tak~ng dccis~on makers 
and ~ ~ I I I ~ I O I ~  Icadel-s to tlie s~tes of conce~n Second, 
they used land stewardship, buyng ~nil)o~-~ant roost- 
ing sites 01- infornung coastal states of the   nip or- 
tance of coastal nest111g sltes when sltes were pub- 
licly owned. Third, they used market pressures, 
urging consumers not to buy products that hastened 
the extinct~on of tlie beautiful bird species of con- 
cern Finally, they used legislation to provide a 
regulato~y apparatus of protection. 
Southwest Reg~on, National Audubon Society, 2525 
b ~ r d s  and have for almost a century. The egrets, 
spoonbills, and herons, once in such peril, recov- 
ered and provide Texans and millions of tourists 
\vith thrilling s~ghts along the Texas coast and 
elsewhere 
The Auduhon member 
Audubon members are still outdoor nature 
enthusiasts. They spend a lot of t ~ m e  in the field. 
They are actlve outdoor people who supplement 
what they see w~th  studies and readings in areas of 
interest to then1 
Our average member is in h ~ s h e r  early 40s, has 
a je\v years of college past a Bachelor's degree, has 
a cornb~ned household Income just over $60,000, 
and is active In church andlor a c iv~c  organizations 
in addit~on to Audubon In Texas, 20% of our 
~iicmbers are iw-al or In small towns. The rest reside 
In or near one of Texas' major munic~palities. 
Audubon staff 
Audubon's staff in the Southwest are predoml- 
nantly young adults w ~ t h  middle-aged supervisors. 
I'rol'cssional staK have a Master's Degree or higher. 
Most a-e only one generation (01- less) I-emoved from 
a farm or ranch background The new president of 
tlie Nat~onal Audubon Society grew up on a dairy 
farm in Minncsota Many staff are still engaged In 
agiculture. I raise Angora goats and my partner and 
I are among vely few Texas certified organic peach 
growers. I came from a family which was agrarian 
on both sides unt~l my parents' adult lives. Most of 
my peers in the mainstream environmental commu- 
nity in Texas have sim~lal- backgrounds. 
The w ~ l d  bird plume trade has been gone from 
the United States slnce tlie early 1900s Decoratwe 
feathers now come from domest~c or pen-raised 
How Audubon views coyotes 
Audubon has a membel-ship which probably 
spans all views of coyotes (Catirs latrat~s) Audu- 
bon's staffviews coyotes as biologically appropriate 
predators in most of the Southwest. We believe that 
they can be an asset to a well-managed ranch, but 
that they can also cause localized depredation which 
must be answered. 
Our members value predators, including coy- 
otes, for then- natural role in ecological systems, 
including their influence on prey species. Many of 
our members travel broadly and spend money to 
view wildlife, and consider it a treat to see and hear 
coyotes. 
Politics and coyotcs 
, The points that I would like to address relative 
to this predator's po l~ t~cs  include both real and 
perceived problems. A general outline to my discus- 
sion is attached (Table 1) 
Table 1. An outline of political issues relitted to coyotcs. 
- 
I. People's perceptions of coyotcs 
A. What g~vcs  value to wildlife (or anything) 
1 .  Market system (what's it wol-th?) 
2 Econorn~c value of coyotes 
a Ecotour~sni 
b. F ~ l m  & photographs 
c. E l~m~na t~on  of competitol-s for range resources 
d Ful- 
e. Souven~c~-s 
3. Totem value of coyotes 
a Romantic symbol of wild west 
b. Symbolic of cleverness and resourcefulness 
c. Symbolic of the beleagut-ed but unconquered 
d. Value by rarity 
(1) Hard to see 
(2) Perceived to be dim~nishing 
(3) Perce~ved to be disappearing (~ .e . ,  "can 'I do it tlow, bzit soorl will be able to") 
4 Valued for perce~ved "place" In the system 
a "Place" 1s dynam~c, but often not perceived as such 
b Valued because ~t IS "owned" 111 conimon 
11. Political versus biological dec~sions 
A. Do coyotes deserve the espend~tures to control them? 
1. Should those expenditures be borne by the general public? 
B. Do coyotes deserve the energy to protect them? 
C. k e  there vigol-ous effo~ts to eliminatell~rotect them? 
111. Top~cal pol~t~cal  Issues related to coyotes 
A Coyotes arc publ~cly-owned resources (issues of public responsibil~ty as well as publ~c rights) 
13 Coyotes may affect PI-~vately-owned resources (adversely or positively) 
C Coyote control may Impact other publ~cly- owned resources (e g , other w~ldlife, water qual~ty, safety, 
local, statc and nat~onal budgets) 
D. Coyotes may bc scapegoats rot- other problems (e g., other sources of mortality and economic woes 
beyond the control of the producer) 
IV. Perception ~ssucs w~tli coyotes 
A Perception IS reality 
B. Depredat~on disagreements in perception 
1 .  Whether tlicre IS depredation by coyotes or not 
2 Degree of depredatton 
3 Sign~ficance of depredat~on (mortality versus compensatory mortality) 
4 Degree of respons~b~l~ty for the depredat~on 
(a) To bc borne by the produccrl public 
C Which control is app-olxiate 
I 1'1~ophylactic vcrsus reacl~ve 
2 Lcthal versus nun-lethal) 
D Degrcc to \\jh~cli cont1.01 1s possible 
1 Iniportance In its niche (biolog~cal) 
2. Importance as a totem (soc~al) 
E. Bias in data 
1. Data collection IS polltical 
2 Data inte~pretat~on is political 
PREDATOR POLITICS IN TEXAS 
HONORABLE BILL SIMS, State Senator and formerly Executive Director, Texas Sheep and Goat Raisers 
Association, P. 0. Box 2290, San Angelo, TX 76902-2290 
The coyote (Catiis latratw) is certainly one of the factors that caused the spread of coyotes was the 
the most deshuctive predators affecting the livestock drought of the 1950s. The drought forced many 
industry, pa~-ticularly sheep and goats. In fact, title ranchers to get rid of their sheep and goats and some 
of thls session is ve~y  appropsiate, because when you of their cattle, thus nothmg was done about predators 
talk about "politics", coyotes seem to have more during that time. When people started re-stocking 
politicians working for them than any other animal! aRer the drought broke, the coyotes had become well 
entrenched. 
It seems to me that many people who speak up 
for the coyote don't really know anything at all about 
the extent of its destivctive ways. They don't realize 
that the coyote takes 15-20% of the sheep and goats 
lost to predators in the western United Stales. This 
amounts to a huge monetaly loss to the ranchers 
aected, not to mention the loss of food and fiber for 
our nation. 
Also, our wildlife are extremely vulnerable to 
coyote predat~on. I have seen several research 
projects whel-e as much as 60% of the fawn crop was 
taken by predators Such high levels of predation 
are obv~ously a vely serious problem to livestock - 
producers and w ~ l d l ~ k  managers alike. 
What can we do about it? All of us in the live- 
stock and w~ldlife industries must work together to 
educate other sebments of our population (especially 
the urban public). They need to recognize the fact 
that we must be allowed to take some coyotes in 
order to pl-eservz domestic as well as wildlife spe- 
cies. When you have large livestock and/or wildlife 
populations, i t  is impossible to opesate profitably 
with an active coyole population. 
I have worked w ~ t h  the sheep and goat industry 
professionally for the last 40 years, and I have seen 
the coyote population explode all over the sheep- 
and goat-raising aleas Areas that were once coyote- 
free are now oversun with them, and livestock 
production and the wildlife populat~on in those areas 
have been hit hard. 
When I was a County Agent in the mid- 1960s, 
much of this area had no coyote problem. I think 1 of 
Another factor in the explosion of the coyote 
population was President Richard Nixon's 1972 ban 
on the use of Compound 1080 and sodium cyanide, 
2 of the main toxicants used in predator control At 
the time these toxicants were banned, it was esti- 
mated that 80% of all coyotes removed were taken 
with sodium cyanide and Compound 1080. So, in 
one day you might say we lost 80% of our animal 
damage control. 
Shortly after we lost these toxicants, I talked to 
Congressnlan Bob Poage about how to pursue 
regaining the use of the 2 chemicals. He asked me 
which one would have the fewer people against it, 
and I said that it would be sodium cyanide for use in 
the M-44 Dev~ce. With Congressman Poage's help, 
we went to work on regaining the restricted use of 
sodium cyan~de, and we were able to accomplish this 
in about a year. The Texas Department of Agricul- 
ture (TDA) was very helpful in this effort, assisting 
\nth re-registration and conducting operator training 
programs across the state, and in about 3 years the 
M-44 program was in place again. 
Then we went to work on Compound 1080 for 
usc: in the Livestock Protective Collar (LPC). M e r  
about 5 years, and again with a great deal of help, we 
w a e  granted a pelmit for carefully restricted use of 
Compound 1080 in the LPC. None of this would 
have been accomplished if it had not been for the 
hm-d work, knowledge and experience of Extension 
predator specialist Dr. Dale Wade, LPC inventor 
Roy McBride, State Representative Dudley Harrison 
and a great many Extension, ADC and TDA folks. 
Although we were successhl in regaining use of 
1080 in the LI'C and sod~uin cyan~de in the M-44, I 
do not believe we will be able to reduce coyote 
numbers to a lcvcl of profitability until we are 
allowed more extensive, although restricted, use of 
these 2 toxicants. Snares and traps alone will not get 
the job done with the extremely high numbers of 
coyotes wc have across the sheep and goat raising 
area of the state today. 
Another factor which could prove to be ex- 
tremely detrimental to livestock producers is the 
proposed re-introduction of the Mexican wolf (C. 
lr~yus baileyi) into New Mexico and Big Bend 
National Park. The mountain lions in the Park have 
already made huge inroads on the wildlife popula- 
tion, and the coyotes have pushed on into the 
livestock-producing areas in search of easier, more 
abundant prep If the wolves are re-~ntl-oduced into 
the Park, they, too, will be hard pressed to find a 
"natural" food source, and will also move on. The 
coyotes will keep expanding their territory as the 
pressure from the wolves and lions shrinks the food 
supply. 
If this problem is not addressed and resolved 
sat~sfactorily, I believe we will see a huge amount of 
good sheep, goat and cattle country taken out of 
production by extensive coyote/wolfAion predation. 
Seminars such as this one today can go a long way 
toward educating the public about coyotes and 
working toward long-term goals of profitable co- 
habitation of livestock and wildlife with much 
smaller numbers of predators. 
We have no desire to eliminate any species, but 
we do feel we have the right to make a living from of 
our land. Coyotes rob us of that right just as surely as 
the thieves who rob our homes and businesses do. 
PREDATOR POLITICS: PERSONAL THOUGHTS AND 
PERCEPTIONS 
MILO J. SHULT, Vice-President for Agriculture, University of Arkansas, 1 123 S. University Ave., Suite 608 
Little Rock. AR 72204 
Abstract My career as an extension wildlife specialist and a university administrator has allowed me to monitor 
both the public and private sectors' perspectives on coyotes (Canis larrans) and their associated management 
policies. Selected experiences described herein illustrate the problems (current and future) that characterize 
emotionally-charged conflicts like those typified by coyote control efforts. 
When Dale Rollins first approached me with an 
invitation to pa~ticlpate in this symposium, I was 
unsure about other commitments, but hopeful that I 
could return to Texas, see old fiiends and be a part 
of the program. By the time we got around to 
finalizing the arangements In early August, Dale let 
the other shoe drop by saying "Oh, by the way, you 
have to wite a paper and it  has to be In no later than 
September 1 " 
In ow- first discussion, he described a panel with 
Bill Sims and Dede Amentrout. Naturally, I as- 
sumed we would each dcl~vel- some prepared re- 
masks and then share esperlences and obse~vations 
whlch, ifwol-lhy of note, would be recorded in some 
form of a panel su1nmai-y statement. Apparently not 
SO. 
As I set about the task of preparing this manu- 
script, I began to lulntnage through papers, contact 
colleagues whom I had "bequeathed" my old preda- 
tor files to when I moved into adm~nistration full 
time, and go through old calendars from my speclal- 
1st days. It didn't take long to realize that I could 
spend a great deal of time chronicling events and 
laws that have already been recorded by others. In 
fact, Dr. Dale Wade, whom I consider to be 1 of the 
best expelts on wlldlife damage control anywhere, 
has already done this estremely well in at least two 
of hls publications (Wade 1980, 1982) 
With that in mind, I decided to address events 
and activities that I have personally been a part of 
with respect to predator polit~cs and to share 
thoughts and pel-ceptlons as related to current issues 
facing agriculture across our nation. As the saying 
goes "these are my own opinions and do not neces- 
sarily reflect those of anyone I have ever worked 
for." 
Early career influences 
In 1964, I began my graduate career at Iowa 
State University. The Leopold Committee Report on 
"Predator and Rodent Control in the United States" 
was made public, declaring that the U.S. Fish and 
Wildlife Service-Animal Damage Control program 
was mdisc~immate, nonselective and excessive in its 
predator control programs. The report did, however, 
vlew Compound 1080 as a relatively humane and 
effective means of coyote control (Leopold 1964). 
I must admit that, as graduate student of the 
1960s, I was not pa~ticularly impacted by the 
Leopold Report except as a source of intellectual 
debate. I had grown up in a family where wildlife 
was a somce of food for the table as much as any- 
thing else. One of my prized possessions today is a 
membership card for my great grandfather in the 
Illinois Feda-atton of Sportsmen's Clubs from 1930, 
on the back of which is a Sportsman's Creed. The 
Creed exhorts members to obey laws, show respect 
for property, protection of wildlife and, as a last 
enby "I will do my best to kill a pest." That was the 
natural order of things from the time I was a child. 
In 197 1, the Cain report, "Predator Control- 
197 1 " was produced. This report indicated that 
chemical controls were likely inhumane and nonse- 
lective and recommended that individuals with 
predator problems be instructed on the use of leg- 
hold traps as the majot- method of damage control 
(Cain et. al. 1972) I rctnemher being sttuck by the 
fact that both the Leopold and Cain reports con- 
dcmncd existing prcdator control programs, but 
came to somewhat dilli-rcnt conclus~ons on the 
relationship between chem~cal and non-chemical 
controls. 
Some of my colleagues In graduate school with 
dill-el-ent backg-ounds than nilne took these reports 
at face value Today, many of them are full profcs- 
sors In w~ldlifc dcpa~.tmcnts at major un~vcrsit~es. I 
have often \vondc~.cd \vlicthcr or not these early 
cmcr  espenences ~nlluenccd the~r attitudes towards 
prcdator management as a part of thc~r profession. 
On Fch 8, 1972, I'rcs~dcnt N~son  ~ssucd Esec- 
utive Order No 1 1643, canccll~ng the use of specific 
cheni~cals i'or prcdator control on federal lands and 
in fedcral programs (Nixon 1972) T h ~ s  action was 
follo\\~ed by EPA rcglst~.atlon cancellat~on and 
suspension notlccs for Co~i~po~rnd 1080, sttychnine, 
sod~um cyanide and thallium sulfate (Ruckelshaus 
1972). 
On May 16, 1972, I hcgan enlployment as an 
area wildlife spcc~al~st \\11th the Texas Agricultural 
Extens~on Se~-\l~ce In Uvaldc, Texas. Needless to 
say, the luactlon of ranchers conccnled about protcc- 
tlon of their I~\.cstoc!i: particularly sheep and goats, 
was dramat~c As a nc\vcomcr 11 \\?as clear that the 
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the cslstcncc ol'thc 1.ancI11ng ~ndust~y and, of per- 
haps greater ~rnpol-tance. a \\,as oi'l~tL. 
On October 3 1, 1072, Charles liamscy. Esten- 
slon w~ldlifc spec~allst headquartet.ed at Tcsas 
A&M, and I nict 1~1th San Angcloans B~l l  Sims and 
John Cargllc at thcir request to d~scuss what could 
be done about the s~tuat~on I have often thought 111 
recent years how they ~iiust have walked out of that 
mcetlng \v~th no scnsc of accomplisliment, and 
probably the perccpt~on that the irn~\~ers~ty was 
descrt~ng them At that t~mc. there was l~ttle we 
could do fi-om a research and estcnslon standpoint. 
From 1 972 until 1 974, there \tias much talk and 
l~t t le  actlon at both the state and Icdcl-al levels. A 
number of congressional hcarlngs on prcdator and 
rodent control wcrc conducted. Many requests were 
prepared and submitted for reregistration of various 
toxicants. Finally in F c b ~ v a ~ y  of 1974, an experi- 
mental use pe~mit for sodium cyanide in the M-44 
Device was granted to Texas by EPA 
I recall the ~mplementation meeting held at the 
Texas Ilepat-tment of Agriculture headquarters m 
Austin on Janua~y 23, 1974 Representatives of 
TDA, the Texas Agicultwal Extension Service, the 
l'exas Agricultural Experiment Station and EPA 
wa-e all present. The plan presented by EPA was, in 
the oplnlon of scvaal of us, flawed at best. Never- 
thcless tt was PI-esented as a "take it or leave it" 
proposition. In I-etrospcct, I believe that posture was 
a blulT--\vhicli   lo^-ked. 
In Februa~y 1 974, we completed development 
ofthe t r a~n~ng  mater~als for the propam in se!ected 
counties We could not totally complete the materi- 
als unt~l final approval was received from EPA. 
Charles Ranisey, Wallace Klussmann and I had 
d ~ v ~ d c d  up responsib~l~ty for the countles and had 
scheduled mcct~ngs In late Februa~y and March to 
get the tools in the hands of applicators as qu~ckly as 
posslble 
On F e h ~ u a ~ y  28, 1974 the first meetlng for 
wh~ch I had responsib~l~ty was held in Bexar County 
The Ex-tension Setv~ce was charged with conducting 
the t r a~n~ng  and 'TDA was to certify the applicators 
and allocate numbers of de\j~ces to be purchased on 
an acl-cage fo~niula 
At the outset, there was a fair amount of confu- 
slon We completed the meeting in Rexar County 
and moved to Uvaldc County for a March 1 meet~ng. 
l ' h ~ s  was followed the next week by training on 
March 4 in Sterl~ng county and March 5 in Mitchell 
and Taylor count~es That is as far as 1 got. 
We \\rere instructed to call the administratwe 
ol'lices of the Estens~on Sellrice at Texas A&M 
twlce a day to determ~ne the status of the program. 
When I completed ttmning in M~tchcll County I 
called in and was told there was an injunction a- 
galnst the program filed by the I-Iumane Society of 
the IJnitcd States and that we would train In Abilene, 
but could not cet~ify anyone to purchase the mater-i- 
als That cancclled the tra~ning I had In 13 other 
counties In March 
Frustration mounts Reflections 
While there are a lot of "war stories" to be told 
about the whole area of predator control, one sticks 
out in my mind because it tluly reflects the fsustra- 
tion felt by the producer community. When I arrived 
at Abilene, the meeting was in the old courthouse in 
the main courtroom. Mr. H.C. Stanley was the 
county Extension agent, a man well respected in 
both his community and his profession. 
As a side attraction, a local young man had 
provided the newspaper with emotional (but upon 
review inaccusate) descl-ipt~ons of the dangers of the 
M-44 Emotions were h ~ g h  in the rancher commu- 
nity and the knowledge that they would be trained 
but not certified put the group in a fairly ugly mood 
As I passed out materials before the meeting, I 
noticed that one individual in a suit was not taking 
any. At one point as he passed the papers to h ~ s  
neighbor, his coat fell open and revealed a 45 semi- 
automatic in his belt. I felt compelled to advise Mr. 
Stanley of the sih~ation. He calnlly repl~ed "Yes, that 
fellotv's a deputy shcn8 There are several scattel-ed 
a-ound the room in case things get out of hand " As 
you might imag~ne, this bolstered my enthusiasm for 
getting up in fsont of the group. 
As I began my presentation (which we had vely 
carehlly scripted to avoid any legal challenges to the 
training) I commented that the "M-44 is a spring- 
operated device des~gned for use w~th a toxicant in 
the control of coyotes. It is the most humane device 
yet developed----." At that point, someone in the 
audience sa~d "We don't glve a damn ~f ~ t ' s  humane " 
Another sald "Let's use one on that G-- D--- hippie " 
I presumed he was talking about the local fellow and 
not me. 
The point of this stoly 1s to demonstrate that 
these people, most , if not all, of whom werelare 
God-fearing, upstand~ng citizens of the community 
had seached a level of total fiustrat~on with regula- 
t~ons being h u s t  upon them by ~ndiv~duals who had 
never experienced iisstliand the interactions between 
predators and livestock 
As a wildlife biologist, the entire set of experi- 
ences related to the M-44 training program gave me 
a broader set of perspectives of the complicated 
interface between politics, biology, and the social 
systems of ow population. Since that time, a number 
of milestones in predator-livestock management 
have been reached. 
All of the research and political activity sur- 
rounding the Livestock Protection Collar using 
Compound 1080 has resulted in the availabil~ty of 
this tool, along with the M-44 Device with sodium 
cyanide. Mis-guided projects like the use of sodium 
cyanide in toxic collars have gone by the wayside 
The use of husband~y practices including guard 
an~mals and fencing, once ridiculed as poor solu- 
tions, have taken their place in the total management 
scheme to suppress damage. More positive dialogue 
has taken place in recent years than in the past 
among groups with widely divergent interests And, 
fi-om a personal standpoint, this author has moved on 
to worrying about f a ~ m  bill issues, boll weevil 
el-ad~cation and waste management on livestock and 
poult~y ope]-ations. 
Nevertheless, there a]-e still areas of major 
concern in dealing with the "politics" of predator 
management. Some which concern me most are as 
follows. 
I .  Pi.ofessional h~~age .  The wildlife profession (my 
disciplinary home) has failed to actively embrace 
wildlife damage control (including the control of 
predators) as a legit~mate pal? of its portfol~o. A 
curso~y revlew of the Jou~nal of Wildlife Manage- 
ment or the Wildlife Society Bulletin (the "flagship" 
publications of professional wildlife managers) 
reveals some f a r  amount of work on predator-prey 
relationships, but little ~f any on the manage- 
mentlcontrol measures needed to alleviate damage. 
This s~tuation is exacerbated by the seemingly 
low level of esteem in wh~ch the majority of the 
profess~on holds those individuals who chose to 
confi-ont wildlife damage problems head on. We 
haven't moved far enough away from the demeaning 
term of "gophel- choker" in recognizing the hard 
work and dedication of those m the an~mal damage 
arena. 
2. St~pet.crv~lrzetJ ptlhfic. We are moving farther 
away from a socictal "land ethic" whereby our 
citizens not only apprcclatc the land but also recog- 
nize that managmcnt of our resources (including 
w~ldlife) is essential to our sulvival. The production 
of food and fiber 1s increasingly a remote concept in 
the m~nds of urban and suburban dwellers who have 
no vision of where their daily bread comes from. If 
we are not successful in stenuning this trend we will 
face more, not less, land use conll~cts in the future 
3. A h t 7  atld Nutzrte. Too many people today ignore 
or refuse to accept the iict that man, as a specics, 
must be ~ n c l ~ ~ d c d  In any discussions of natural 
resource management and agriculture It is simply 
not posslble to "step outs~de of nature" and make 
valuejudglnents as if man was not both a i'orcc and 
a species impacted on by natural'resource manage- 
ment dccls~ons The cun-cnt debate on the Endan- 
gered Spccics Act h~glil~ghts the concelns for social 
and economic implicat~ons as well as environmental 
ones 
il. Life ar7cJdentl7. As a society, \xre have become 
so captured by a sak cn\,ironment supported by food 
and medical sclcnccs that \\re have perhaps lost our 
apprcciar~on for a hasic concept--that death 1s a part 
of lil% At tlmcs \vc have lo k~l l  other animals I'or 
reasons ol' our own \vclfarc--hod, protection of 
property, and hcaltli In my job I come in daily 
contact with pcoplc who have 110 concept that, at 
times, animals must die that others ~ 1 1 1  live and 
th~ive Ifthey do accept I[, tlicy want it to be shut out 
of t1ie11- consciousness To me, that is a serlous 
conceni 
Epilogue 
Finally, Ict me comment on perspcct~ves, using 
the coyote as an e\ample I remember watching 
coyotes hunt pralne dogs in South Dakota and 
admiring their skills. 1 have raced them 1101-seback 
across Uic Dakota p r a ~ ~ i e  and srcn them with steamy 
breath on cold AI-kansas mol-nlngs. In those s~tua- 
tions, 1 respect and adm~re the an~iiial When, 
however, I encounrer a coyote on my propel-ty near 
Doss, TX, 1 \\.111 destroy ~t lfposs~ble Not bccause 
I have any hatred I'or tlic coyote, but because my 
ne~ghbors are In tlic angora goat bus~ness and I want 
to help protect tlic~r I~\leliliood I've always felt 
conifortable \\~ith those secm~ngly contradicto~y 
attitudes Hopefully I recognize the perspectives of 
others in the same situation 
Should we w~sh for the elimination of all preda- 
tors? Not unless we wish to include ourselves in that 
process. Is there room for both sheep and coyotes in 
the world? Absolutely . . . but not in the same 
pasture! 
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THE COYOTE IN SOUTHWESTERN FOLKLORE 
WYMAN P. MEINZER, P.O. Box 1 95, Benjamin, TX 79505 
Perhaps one of the first mentions of the coyote 
(Canis latrans) by Anglos in early-day journalism 
was from Mask Twain's notes during his travels 
through the plains fsontier in the early- to mid-1 9th 
century. Touring the fi-ontier region before its 
inevitable subjugat~on to ranching and fa~ming, 
Twain wrote of the coyote and its larger more 
~nfamous cousin, the woK(C. hlpus), In words which 
left no doubt to the readel- the popular sentiments for 
such predators of the day Although denogato~y in 
some respects, Twain did concede respect for Canis 
latrans and made mention of the tricks the coyote 
would play on domestic dogs as the wagons lum- 
bered across the pristine landscape. 
Although the wolf has since passed into the 
twilight of extinction (at least in the Plains), the 
coyote made a successful transition into the 20th 
centuly, proving to settlers for the first time, ~ t s  
extraordina~y character and tenacity. Such charac- 
teristics have made the coyote well dese~ving of its 
role as "top dog" in folklore of the southwest. 
Centul-ies befol-e the appearance of Anglo 
settlers on the ranges of the southwest, the coyote 
had ah-eady isolated himself as a prominent figure in 
the lore of Native Americans. Long faclnated with 
the cunning nature of C. latrans, many Native tribes 
believed that the coyote appeared on earth before 
man. Although not denying the fact that the coyote 
exhibited a lack of morals in its bid to survive, many 
tribes acknowledged great respect for the coyote and 
considered C. latrans somewhat sacred in his myth- 
ological role 
Almost as colorful as the tales of the Native 
Americans are the many stories involving the coyote 
in Anglo folklore. From C. latrans' ability to hypno- 
tize chickens into falling from their roost into his 
waiting jaws to the creature's baleful stare actually 
causing fiuit from palm trees to fall to the ground, 
the coyote has fully established itself as an icon to 
students of southwest folklore. Largely misunder- 
stood for over a century, but thumbing its nose in the 
face of all ridicule, C. latrans stands above it all as 
perhaps the most popular villian in our history. 
In the words of J. Frank Dobie, "extraordinasy 
folklore develops around only extrarodinary charac- 
ters, though not all extraordinary characters inspire 
it". No doubt the coyote has been an inspiration for 
exaggarated tales about its ability to connive, dupe, 
and chase ~ t s  way into the heart of the Southwest 
HISTORICAL PERSPECTIVE ON COYOTE CONTROL METHODS 
IN TEXAS 
ROBERT L. PI-III.,LII'S, U S Department of Agriculture, An~mal and Plant Health Inspect~on Sew~ce,  Animal 
Damage Co~itrol, Dc~iver Wildlife Research Center, P.O. Box 25266, Denver, CO 80225-0266 
GARY L NUNLEY, U.S. Department of Agicultu-e, Animal and Plant Health Inspection Serv~ce, Texas Animal 
Damage Control Service, P . 0 .  Box 1004 10, San Antonlo, TX 7820 1 - 17 10 
Abst~-ack A va~lcty of control ~iiethods used over an 80-year perlod (1 9 15- 1995) contributed to the effective and 
successful coyote (Carlrs la~t.aris) damage management program that e s~s t s  in Tesas today. Traps, tox~cants, 
sliootmg, dain~ng, and dogs \\'ere important dur~ng the early years of the Texas Animal Damage Control Service 
(TAIICS) program Acnal liuit~ng and srlares evolved as nnpol-tant co~itrol tools follow~ng the ban on st~ychn~ne 
and Conlpound 1080 In 1972 The I~vestcxA protection collar (LPC) has recc~ved ~ncreased use In recent years and 
has been uselill In rcsolv~ng d~l'ficult depredation problems ADC policy along with changing state and federal 
rcg~~la t~ons  and publ~c oplnlon \ + r i l l  dictate how spec~lic ontrol tools are used In the future 
Tcsas leads the nation in the product~on of 
domestic shccp and goats Although the total nurn- 
ber of thcsc 11\~rstock has dccl~ncd In recent years, 
there ~vcre 1,700,000 sliccp and 1,950,000 goats 
presmt In the state dul-~ng 1995 (USIIA 1995) (Fig. 
I) The Ed\\la~.ds l'lateau and adlo~n~ng ecolog~cal 
areas contam the highest concc~itration of both 
species (Fig 2) 
Organized prcdator control sponsored by tlie 
U S Burcau of S~olog~cal  Survey began In Tesas 
1~1th the h~ring of 8 hunters In November 19 15 
. . 1 lie11. work \\/as conccnt~-atcd in the sheep produci~ig 
areas d t l i e  Ed\vards I'latcnu and espanded to other 
areas In lateryc3rs (Nunlcy 1986) Traps, shooting, 
and st~ychn~ne halts \iicre tlie prlmaly contl-ol tools 
used As the sliccp ~nd i~s t~y  cspnndcd, so d ~ d  fcdcl-a1 
and state govcnlmcnt cll'orts to protcct l~vestock 
PI-oduccrs Today thcrc arc 142 einployees ~nvol\~ed 
in coyote p~.cdat~on contl-ol cll'orts In 140 oftlie 254 
count~es In l'cxas 
This paper dcscrihcs thc h ~ s t o ~ y  of coyote 
control as conducted by the 'I'ADCS since the 
beg~nn~ng ol' the progl-am P1-1ma1-y ernphas~s 1s 
given to tlic period li.om 1 972 to the present We 
also evaluate how publ~c att~tudes and political 
events lia\re mllucnccd the use ol'control tools In the 
past and how the): may ~nlluence the use (jf tools In 
the future 
Coyote control methods 
Perhaps no other area of the Un~ted States 
(IJ S ) can boast of a mol-c effective and successful 
coyote predation control progi-am than the Edwards 
l'lateau region of Tesas This area has been under 
intensive predator management slnce at least1 91 5. 
The use of a va~iety of control tools eventually led to 
Uic cstupation of coyotes, red wolves (C. ).zrfus), and 
gray wolves (C. Il~prs)  from the major sheep pro- 
duction areas Esactly how this task was accom- 
pl~shed is unknown, but Shelton and Klindt (1 974) 
suggested that i t  resulted from a "massive human 
cl'fort using all of the tools and techniques wh~ch 
could be brought to bear." 
By the clu-lp 1920s, all I-cd wolves and nearly all 
coyotes were eliminated from the interior sheep and 
goat producing counties of the Edwards Plateau 
(Nunlcy 1986) It wasn't until the 1970s that coy- 
otcs began to rc-establ~sh, red wolves have not 
rc~nvadcd the area 
Over the years nlany control tools have been 
uscd, including toxicants, shooting, aer~al hunt~ng, 
calling, dogs, traps, cyan~dc ejectors, snares, den- 
ninp, and more recently the LPC. A historical 
review of cach major control method is provided 
below 
Figure 1. Trends in sheep and goat numbers in Texas (1920-95). 
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Figure 2 Distribution of sheep and goats in Texas (Texas Crop and Livestock Reporting Se~vice 1994). 
Toxic baits. Stiychnine placed in meat and tallow 
baits was widely distributed in all sheep- and goat- 
raislng areas when o r g d  control efforts began in 
19 15. No records on the number of baits used are 
available for the early years, but in FY 1950, over 
182,000 baits were used to reduce coyote popula- 
tions. In FY 1960, over 328,000 baits were distrib- 
uted, and by 1971 this number had increased to 
408,000. Undoubtedly, stiychnine played a major 
role in suppressing coyote numbers in buffer areas 
and reduced the possibility of reinvasion into major 
sheep and goat raising areas. 
Compound 1080 was first used in Texas in 
1949 Like the rest of the West, large meat baits 
were treated and placed in strategic locations dumg 
the winter months During the peak of 1080 use in 
the 1960s, approximately 1,000 baits per year were 
used (Fig 3) Conlpound 1080 was used in all 
regions of the state except east Texas, but most 
frequently in the counties adjacent to the Edwards 
Plateau and Panhandle regions The use of 1080 and 
stiychnine ceased in 1972 follow~ng Executive 
Order 1 1643 and the cancellation of predacides by 
the Environmental Protection Agency (EPA). 
Traps. Steel foothold traps were an important tool 
when organized wolf and coyote control efforts 
began. The No. 4 Newhouse has been the trap of 
choice by Texas trappers since the program iirst 
started purchasing traps. The TADCS has over 
9,000 traps in its inventoiy today and 86% are No 
3% or 4 Newhouse. ADC Geld personnel relied 
heavily on traps following the cessation of 1080, 
strychnine, and M-44 cyanide ejector use. In FY 
1973, TADCS personnel used traps to take 10,058 
coyotes which represented 67% of the coyotes taken 
by all control methods. By comparison, in 1994, 
only 1,666 coyotes were taken in traps; this equaled 
8% of the coyotes taken by all methods (Fig. 4) 
A similar pattei-n showing the decl~ning use of 
traps is prevalent in many other westein ADC 
programs The reduced use of traps has come about 
for several reasons Perhaps the most significant is 
the increased effectiveness and use of the M-44 
device which became available for experimental use 
in 1974, and was subsequently improved substan- 
tially and reregistered Traps will continue to be an 
important tool in coyote control, but with availability 
of other less labor intenswe methods, they will not 
receive the use they have in the past. 
Snares. Although snares were always available as 
a control tool, they were not widely used in the 
TADCS program until 1959. As woven ("net") wire 
fences became more common in sheep and goat 
producing areas, the potential effectiveness of snares 
as a "first line of defense" against coyotes invading 
pasture was recognized. 
Snares are typically set in "crawl holes" under 
fences. The most common fence snare used by 
TADCS personnel is about 34 inches (86 cm) in 
length and constructed with 5/64 inch (2.0 m) 
diameter aircraft cable using a " su~e  lock". By 
1972, snares were responsible for taking 1,576 
coyotes. Their use has expanded since then and in 
1994, snares were used to capture 5,879 coyotes or 
28% of the coyotes taken by all control methods 
(Fig. 5). Guthery and Beasom (I 978) working in 
South Texas reported that neck snares were about 12 
times more selective than leghold traps for capturing 
predatory mammals. 
Aerial hunting. Although aerial hunting with 
fixed-wing aircraft and helicopters was used prior to 
1972, this control method was not common until 
toxicant uses were canceled Both fixed-wing 
aircraft and helicopters are used in the Texas pro- 
gram. Fixed-wing aircraft are typically used in the 
more rolling and open areas of the Trans-Pecos, 
Panhandle, and the western portion of the Edwards 
Plateau while helicopters are used in the rougher 
terrain around the Edwards Plateau. 
The TADCS program curently owns 1 helicop- 
ter and 2 fixed-wing aircraft. Two helicopters are 
used on a contractual basis. These aircraft are used 
in all areas of the state (except east Texas) as spe- 
cific needs occur The number of coyotes taken by 
aircraft peaked in 1975 with 5,983 animals taken 
that year. Since 1982, there has been a gradual 
mcrease in the number of coyotes taken each year by 
aircraft with 3,692 taken in 1994 (F'ig. 6). 
Coyote-geaerdM-44 devices. The Coyote-Getter, 
a primer-powered cyanide ejector using a sealed .38 
special casing, was widely used in Texas after it was 
introduced into governmental predator control 
around 1940. Young and Jackson (1 95 I )  reported 
that in October 1946, A. B. Bynum, a TADCS 
employee took 536 coyotes using 325 "getters" in 
Maverick County. Tlic coyotc gcttct- proved to be an 
effective control tool for tlie nest 30 years and was 
widely used by TADCS personnel For example, in 
FY 1960,2 1,526 coyotes \vcrc taken by "getters" in 
the Texas program 
Afler years ofde\lelopment and testing, the M- 
44 dev~ce cyanide qcctor officially replaced coyote 
getters in the ADC program (Bacus, 1969, n.d.). M- 
44s were irnmed~atcly used in the Texas ADC 
program and in 1972 were responsible for taking 
7,567 coyotes. Use of this tool was suspended 
following the EPA cancellation of all predacide 
registrat~ons In 1972. Usc was resumed under 
expaunental perniits In 1974 Reg~strat~on by EPA 
occurred In 1975 and ra-cg~stration under the new 
guidel~ncs, in 1994 
Despite early nicchan~cal problems with ejec- 
tors and sealants, there has been a progressive 
increase In M-44 use since 1975. The highest 
number of coyotes taken \v~th this dev~ce was 8,250 
In 1993 (1:1g 7) M-44s receive tlie~r greatest use 
du-ing the uintcr months hut can be effective during 
all tniies of the year 
Duing ttie pa-~od 1976-86, more coyotes were 
taken by M-44s in Tews than in all other states 
combined. Connolly ( 1  988) attr~buted t h ~ s  to the 
follow~ng reasons. ( I )  thc TCSRS ADC program is 
much larger than the others, (2) niost Tesas grazmg 
lands arc in private ownership, v~liich is appropriate 
for M-44 use, (3) dense vegetation in many areas of 
Texas precludes cll'ect~ve aerial hunting, which is a 
pnmzuy technique m niost other states, and (4) much 
control work in Tesas 1s done in livestock pastures, 
where livestock ~nterfere less with M-44s than with 
steel trap sets 
Livestock Protecriott Colfur The Livestock Protec- 
tion Collar (1,PC) \v3s lnlcntcd by Roy Mc13r1de as 
a method to take "prohlcm coyotes" that were 
d~llicult o take \v~th con\,ent~onal control tools. The 
LPC is the most sclcct~\/e and spcclfic of all control 
tools because i t  rcmovcs only tlie indiv~dual animal 
I-espons'be for kill~ng I~vestock Although 5 states 
have established programs to use the LPCs, only 
Tesas has made substantial use of this new control 
tool The L.PC has been uscd by state-certified 
rancher applicators since 1988 and by ADC field 
personnel since 1990. 
Connolly (1 993) summarized use of the collar 
by the TADCS program for the per~od FY 1990 - 
1992. He reported 2,348 collars were placed on 
livestock which resulted in 46 being punctured by 
coyotes. J. Dorselt, TADCS District Supervisor 
(pers. cornrnun.) reported that since 1992, an addi- 
tional 3,196 collal-s were placed on livestock result- 
ing in 63 coyote punctures. 
Nonlethal control methods 
Texas sheep and goat producers have used a 
var~ety of nonlethal techniques to protect the~r 
livestock from coyote predation. When sheep were 
first establ~shed on the Edwards Plateau, herders 
wa.e used ex-cns~vely to guard sheep In the 1920s, 
a malor elY01-t was made to fence individual ranches 
into large pastures w~th woven wire fences Many of 
the fences were equipped with wlre aprons to make 
t h ~ m  "predator proof '. The elaborate fence network 
on the Edwards Plateau probably contributed more 
than any otha- factor to reducing or, In many cases, 
eliminating predator losses 
In recent pears, many livestock producers have 
experimented w~th  different types of guardlng 
animals to protect their flocks. One of the most 
popular techniques has been the use of guard dogs 
such as the Great Pyrenees, Komodor, and Akbash 
breeds. In 1993, TADCS estimated that 5 to 10% of 
the sheep and goat producers were using guard dogs. 
The use of guard donkeys has also increased in 
popularity in recent years. Walton and Feild (1 990) 
estimated that approximately 9% of the sheep and 
goat producers were using donkeys in 1989 Most 
of the donkeys being used are single jenn~es or 
geldings. 
Thc TADCS and Tesas Department of Agricul- 
ture advocate and promote the use of nonlethal 
techniques to reduce conflicts between predators and 
l~vestock producers. In 1994, Texas ranchers spent 
an ava-age of $0 5 1 per head (breeding ewe) annu- 
ally on nonlethal predator control measures (USDA 
1995). This efI'o11 w ~ l l  most likely contlnue in the 
iulure. 
Public opinion and coyote control methods 
A histor~cal review of the use of coyote control 
methods has demonstrated the importance of public 
opinion in dictating the availability of spec~fic tools. 
During the early years of predator control in the 
West, there was public support for removal and 
elimination of large predators such as wolves and 
coyotes. This was because a large percentage of the 
American publ~c l~ved on the land or had a close 
association w~th I-elat~ves that made their living from 
fanning or ranching. The movement of people from 
rural environments to urban areas in the past 50 
years has brought about substantial change in public 
attitudes towards predator control. 
The most s~gnificant events that brought imme- 
diate changes to the use of coyote control methods 
were the Cain Committee Report (Cain et al. 1972) 
and the cancellation of predac~de registrat~ons by 
EPA. Toxicants were important in the TADCS 
program and were vely effective in suppressing 
coyote predation in many areas of the state. The use 
of Compound 1080 bait stations was believed to be 
extremely effective in reducing coyote numbers on 
the fi-inge areas of the Edwards Plateau. 
Despite the lack of 1080 and strychnine baits 
over the past 23 years, the TADCS has been able to 
minimize predator losses by sh~fting to and improv- 
ing the use of other control methods. Aerial hunting, 
although more costly and hazardous to ADC person- 
nel, has been effective in rcmovlng coyotes fiom 
many problem areas. Improvements in the use of 
snares and M-44s have been helpful In resolv~ng 
depredation problems. Lastly, the LPC has proved 
effectwe m removlng coyotes that were difficult to 
take with other methods. 
Public sentiment against the use of foothold 
traps to capture anunals has increased in recent years 
(Gentile 1987). An effort is underway through the 
International 01-ganization for Standardization (ISO) 
to develop an inte~national standard with criteria for 
the humane use of traps for capturing part~cular 
species (Jotham and P h ~ l l ~ p s  1994) Recent testing 
of several types of traps suggests that o~ily padded 
jaw traps among the traps cun-ently In use would 
meet proposed CI-item for capturing coyotes with 
minimal inju~y The future of the IS0  standards is 
unknown at this time, however, some type of na- 
tional or international standard, reflected in state 
laws, appears likely in the next few years. 
Within the past 2 years, 2 western states (Ari- 
zona and Colorado) have made major changes that 
affect how traps can be used for capturing coyotes. 
Arizona currently prohibits all trapping on public 
lands. Colorado has passed regulations which allow 
only padded traps to be used in land sets. Because 
most ofthe land in Texas is under private ownership 
it appears unlikely that such changes affecting the 
use of traps for predator control in Texas will occur 
in the near future We expect all current tools for 
managing coyote predation will continue to be used 
in Texas into the foreseeable future and that some 
new techniques will become available. 
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Figure 4. Trends in the number of coyotes taken in foothold traps by TADCS (1972-1 994) 
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Figure 5 'l'rcnds in  the number of coyotes taken in snares by TADCS ( 1  972- 1994). 
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Figure 6 Trends In thc number of coyotes taken by ael-~al hunting by TADCS ( 1  972- 1994) 
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Figure 7. Trends in the number of coyotes taken by M-44s by TARCS (1 972- 1994). 
LETHAL OPTIONS FOR CONTROLLING COYOTES 
JOHN W. DORSET'T, D~shict Supelvisor, Texas Animal Damage Control Sel~lce ,  33 East Twohig, Room 3 13, 
San Angelo, TX 76904 
Abstract: Lethal control methods ase required to stop coyote depredation or to reduce the coyote population in an 
area. Vaxious lethal contl-ol options are available, including traps, snares, shooting, denning and toxicants. The 
effectiveness, selectivity, and speclfic~ty of each method should be considered before being utilized. Each method 
I-equn-es varying degrees of skill and experience to be made effective. Usually a combination of control methods 
is most effective in coyote control situations. 
When coyotes are causlng damage to crops or 
I~vestock, or when tliel-e is a desire to reduce the 
coyote population, lethal control methods are re- 
quired To stop coyote predation it is usually neces- 
saly to remove the oll'cnding coyote(s) There are 
varlous lethal methods available for coyote contsol 
No single control method is best, but depending on 
the circumstances, several nietliods should be used 
siniultaneously to solve a predation problem. A 
lethal conh.01 nietliod's eKectlveness for the situat~on, 
selectivity for coyotes, and spcc~ficity for taking a 
paltlcular coyote should be considered when decid- 
Ing on \vh~cli mcthotl(s) to use. When possible, 
control cllhrts should be directed toward coyotes in 
pm-licular (I e , selective), and towards the offending 
individual coyote that is causlng damage (i.e., 
specific). 
All lethal control methods requlre a degree of 
user knowledge, sk~ll and esperlence to be used 
effectively Lethal methods that ~nvolve the use of 
restricted use toslcants also requlre special train~ng 
and licensing for the user 111 Texas, the Texas 
Department of Agriculture has regulato~y authority 
over the use of pscdacidcs 
The stecl leghold tl-ap 1s a niechanlcal capture 
device that 1s a versatile tool for coyote contl-ol 
Traps can be set to \vork In \Jarlous situations. They 
can be used as bllnd sets on trails or at fence cross- 
ings, or they can he set using difel-ent baits or 
passion lures depending on the tlme of year and 
clrciinistances 
The sc lec t~\~~ty  of traps to catch the tal-get 
animal can be mcreased by use of under-pan-tension 
devices that rmilimize the capture of small nontarget 
wildlife species (e g., rabbits, opossums). Careful 
selection of trappmg sites and appropriate attractants 
also I~CI-ease the selectivity of traps. However, in 
sheep and goat pastures, traps regularly catch live- 
stock. 
, The successful use of traps for coyote control 
requues skill and esperlence In setting traps, appro- 
priate use of attractants, and knowledge of coyote 
behavior. TI-aps must be kept clean and in good 
worlimg condition to be effective for coyote control 
A No. 3 or No. 4 trap slze is recommended for 
coyotes., Trap effectiveness and selectivity is de- 
pendent on the skill and experience of the trapper. 
Unskilled trappels ase likely to catch more nontarget 
animals 
Snares 
The neck snare IS the most common tool used 
for coyote control in sheep and goat areas where 
pastures are fenced with net-wise. Snares are 
I-elat~vely economical and do not require as much 
s k ~ l l  or training as traps do to be used effectively. 
. . I he snare is a mechanical device consisting of a 
flexible wire cable loop and locking devlce that 
tightens al-ound the coyote's body as it passes 
through the loop Snases ase effective where coyotes 
al-e crawllng under a net wire fence, or passing 
through holes in the fence. Trail sets can be used in 
some situations 
Snal-es used for coyote control are made of 
flexible cable, usually 111 6 inch, 5/64 inch, or 3/32 
inch In diameter. The length of snares varies, but 
they ase usually between 32 and 48 inches long. The 
snare should be long enough to attach the end with 
a swivel to a firm object or drag, with enough of the 
cable left to make a loop fiom 8 to 10 inches in 
diameter. 
Snares are not a vary selective tool and will 
catch nontarget wildlife. Nontarget catches can be 
minimized somewhat by adjusting loop size and 
height of loop placement. Livestock are sometimes 
caught in snares, but snares are less likely to be 
interfered with by livestock than are steel traps. 
M-44 device 
The M-44 1s a spring-opesated device used to 
deliver a toxicant (sodiunl cyanide) to control coy- 
otes. A fetid bait is used to attract coyotes to pull the 
device. When the coyote pulls the baited cyanide 
capsule holder with its teeth, the spring ejector 
releases, propelling powdered sodium cyanide into 
the animal's mouth. The animal becomes uncon- 
scious within a few seconds and dies within a short 
time (Wade 1982) 
The M-44 is relat~vely selective for canids, and 
select~vity for coyotes can by enhanced by using 
baits attractive to coyotes However, other species 
such as foxes, dogs, raccoons and skunks will also 
pull M-44s Livestock occasionally pull M-44s M- 
44's are most effect~ve during the cool months of fall 
and winter and least effective during hot summer 
months. 
Sod~um cyanide is a restiicted use pesticide. M- 
44 applicators must be trained and l~censed by the 
Texas Department of Agl-icu1tui.e. Use of the M-44 
is limited by 26 use restrictions set by the Environ- 
mental Protection Agency. The M-44 is relatively 
selective, easy to set, environmentally safe, of little 
risk to humans, and egective for coyote control if 
properly used and maintained. 
Calling and shooting 
Hunting coyotes by attract~ng them within 
shoot~ng range with predator calls can be effective in 
some cases. Calling coyotes during daylight, espe- 
cially in the early nioinlng hours, is best Calling 
and shooting 1s a selective tool, but requires some 
skill. Successful coyote calling cannot be 
approached in a haphazard way In sheep and goat 
areas where coyote populations are usually relatively 
low, considerable effort must be made to locate the 
area where the coyote is living before a call is 
attempted. The caller should make a carehl entry 
into the area to be called, wear camouflage, consider 
wind direction, and be skilled at calling and shoot- 
ing. Coyotes that have been called in and missed 
won't normally fall for the ruse a second time. 
Various calls are available from open reed 
mouth calls to electronic calls. Calling sounds may 
imitate injured prey, howling coyotes or injured pup 
squeals to call in coyotes. Injured pup squeals or 
coyote howls used m conjunction with "decoy dogs" 
are effective techniques to take coyotes during the 
spring and summer when coyotes are highly territo- 
rial and aggressively protect their young and den 
areas (Rowley 1987) 
Calling success improves In areas of high 
coyote populations. To be successful in areas of low 
coyote density, it IS critical to be in the right place at 
the right t ~ m e  when you call. In the rlght situations 
calling is a good tool to try for taking coyotes. 
Denning 
Denning is the pi-act~ce of removing coyote 
pups andlor the parent coyote from the den during 
whelp~ng season, fi-om Apr~l  through June. The 
pi-ima~y purpose of denning is to reduce or stop 
predation by adult coyotes that are killing livestock 
to feed their pups. Normally if the pups are re- 
moved, the predat~on by the parent coyote will stop 
(Crosby and Wade1978). Denning is a highly 
selectwe technique, however, tracking skills and a 
knowledge of coyote behav~or is required for the den 
hunter to be consistently successful. 
Aerial hunting is also a good method for locat- 
ing coyote dens. A ground crew with radio contact 
with the aircraft should be used in conjunction with 
the aerial den hunt~ng. The ground crew can check 
out possible den sites located by the aircraft. Air- 
craft are especially useful for den hunting in areas 
where tracking is difficult such as in rocky terrain. 
Areas where dens have been found previously 
should be checked out each season, as often coyotes 
may den in the same area if not in the same den site. 
Hunting with dogs 
S~ght-hunting dogs such as greyhounds can be 
used to hunt coyotes 111 open, flat countly with good 
visibility and limited fencing. Tra~l  hounds can also 
be used for coyote hunting, and are especially effec- 
tive if used in conjunct~on with aerial hunting. The 
trail hounds can be used to move coyotes out of 
rough or heavily-vegetated t c ~ ~ a i n  for acr~al hunters. 
Some dogs are also useful In locat~ng coyote dens or 
as decoy dogs to lure coyotes within shooting range. 
The selectivity of tak~ng coyotes with hunting dogs 
depends on how well the dogs are trained. 
Aerial hunting 
Aircraft, e~tlier fixed-w~ng or hellcopter, are 
otlen the tool of'cho~ce to t ~ y  to gct immediate relief 
from coyote predation, or to qu~ckly reduce a high 
coyote populat~oii Aenal hunt~ng is highly selective 
for coyotes, and can be used to take specific depre- 
dat~ng coyotes In a study conducted on a western 
Montana sheep ranch where coyote predation was 
occurring, 6 of 1 1 coyotes taken by aer~al hunting 
were confinned as having attacked or fed upon 
sheep (Connolly and O'Gara 1976). 
In areas \\!here coyote populations are low, the 
success of aerial hunting greatly depends on the 
ground work that IS done before aerial hunting is 
attempted The spec~lic area(s) where the coyotes 
are active should be located before any ilyiiig is 
done. A ground crew with radio communications 
with the a~rcraft also enhances the success of aer~al 
hunting opei-at~ons The ground crew often elicits 
vocal responses li-on1 coyotes to pinpoint their 
location for the aircraft Tlic ground crew can also 
assist by driving coyotes out ol'dense cover for the 
aircrall. Coyotes can bccome aircraft shy just as they 
do with otliei. control tools, and the use of a ground 
crew and the LISC of an ;~dditlonal a~rcraft o fly cover 
for observation cnhances succcss for taking these 
coyotcs 
Fixed-w~ng aircraft are most useful over flat or 
gently I-olling t e ~ ~ a i n  that IS not too b~ushy. I-Iel~cop- 
ters, with their a b ~ l ~ t y  to maneuver qu~ckly and fly 
slow, are prefe~rzd in areas 1~1th more dense vegeta- 
tion and rough terrain I11 either situation, a 12- 
gauge semi-automatic shotgun loaded with No. I to 
No. 4 buckshot 1s I-ecommendcd 
Aerial hunting is regulated by state and federal 
authorities, and a permit must be obtained from the 
Texas Parks and Wildlife Department. Aerial 
hunting, although an effective method of coyote 
control, IS expensive and can be hazardous because 
of the low altitudes involved. 
Livestock Protection Collar 
The Livestock Protection Collar &PC) is a 
coyote control tool that is applied directly to the 
target animals, I.e., sheep or goats. The LPC con- 
sists of two rubber bladders containing compound 
1080 (sodium fluoracetate) solution attached with 
Velcro straps to the throat of a sheep or goat A 
coyote attacking the throat of a collared animal 
receives a lethal dose of 1080 when it punctures one 
or both of the collar pouches. The LPC is h~ghly 
selective for coyotes and is an extremely specific 
method of removing coyotes that are preying on 
livestock, especially those that evade other control 
tools. 
The effect~ve use of the LPC does not require 
extensive experience or skills. However, because 
compound 1080 is a highly toxic, restricted use 
pestic~de, LPC applicators must be trained, certified, 
and licensed by TDA Use of the LPC is lim~ted by 
21 use restrlctlons set by EPA. LPCs are environ- 
mentally safe, and pose minimal r~sk  to non-target 
an~mals, livestock, and people when used properly. 
The LPC is reg~stered for use only on sheep and 
goats for coyote control 
Several factors should be cons~dered before 
using LPCs. These ~nclude availab~lity and effec- 
tlvcness of other control tools, cost of collars, labor 
requirements to apply collars and monitor collared 
I~vestock, suitable habitat for LPC use, regularity of 
predation, ability to target livestock, and ab~lity to 
a b ~ d e  by LPC use restr-ictlons. Targeting of live- 
stock, the proccss of directing coyote predation to 
collared livestock, is one of the most important 
cons~derations when using the LPC and may require 
intensive management of livestock. W~thout proper 
tsugeting, optinium results cannot be espected. LPC 
use restrictions, wh~ch limit the number of collars 
used depending on pasture size, may affect targeting 
of l~vestock. Target~ng may be difficult or inipossi- 
ble under some conditions LPCs are usually recom- 
mended on ranches with h ~ g h  rates of coyote preda- 
tion and management conditions that pe~mit effective 
targeting of coyotes to collared livestock. 
Conclusion 
When attempting to control coyotes, no one 
single control method should be relied on for all 
coyote control situations. Several different control 
methods should be used simultaneously to solve a 
predation problem. Each method's effectiveness, 
selectivity, and specificity for coyote control should 
be considered before being utilized. Different 
situations for coyote control may require different 
combinations of lethal control options. 
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ALTERNATIVE METHODS OF PREDATOR CONTROL 
CRYSTAL A WILBANKS, Tesas Department of Agriculture, P 0. Bos 12847, Austin, TX 787 1 1 
Abstract Acceptable solut~ons to animal damage problems must consider the social and recreational values of 
wildlde, regulat~on of population levels, potential hazards of chemical use, human safety and d~sturbance to biotic 
communities. The objcctive should be to reduce harm and economic loss of livestock to an acceptable level. This 
paper, reviews alte~native, i.e. nonlethal, predator management methods. Alternative methods include guard 
animals, fencing, I-epellents, frightening devices and perhaps someday, irnrnuno-contraception. The intent of animal 
damage control should be an mtegrated pest management approach tailored to fit the individual landowner's needs 
Tesas leads the U.S. in sheep production with 
1.7 million head (Tesas Agric. Statistics Sei-v. 
1995). Another 1 95 n~illion goats resided in Texas 
in 1995. This count includes Spanish, angora, Boer 
and a small number of daily and cashmere goats. 
The Tesas shecp and goat lndustiy is located pri- 
marily in the Edwards Platcau region of the state. 
Rangelands used primarily for sheep and goat 
production are fa~rly rugged limestone hills with 
moderate to dense brush 
Under such cond~t~ons, predation losses to 
coyotes (Cntirs la/t.utls), donicst~c and feral dogs, 
bobcats (Lytir 141s) ,  gray Sox (Ut.oc,von citle~eo- 
atgetltells), red fox ([,il/pe.s vr~l/,es), feral hogs (SEIS 
sct.ofa), golden eagle (,~Iqr~rlu chtysaeros) and other 
predators \yere estimated to be 168,000 head in 
1994 (Tesas Agnc Stat~st~cs Selv 1995). Coyote 
predation typically accounts for over 50% of preda- 
tor losses Value of I~vestock losses fiom predators 
on sheep and lambs in Tesas amounted to $1.2 
million in 1994 Predation is considered as the 
priinaly problem of the sheep and goat industiy by 
many producers 
When toxicants were banned for predator 
control in the 1970s, many producers ahd research- 
ers began to explore other methods of predator 
management. Considerable attention was focused 
on European and Euraslan breeds of livestock 
guarding dogs. While the use of dogs was gaining 
populal-ity, many Texas sheep and goat producers 
began to use donkeys and mules as guard animals 
(Walton and Fe~ld 1989) Llamas have also been 
utilized as an efkct~ve means of predator deterrent 
(Franklin 1993), and othcr spcc~cs (e g. ratites) are 
often promoted for guarding animals 
The goal of predator management should be to 
protect livestock and minimize losses due to preda- 
tors, not necessar~ly maximizing the take of preda- 
tors. Public opposition to coyote population reduc- 
tions will likely become even more apparent m the 
iuture. 
Livestock guarding animals 
Dogs. Livestock guarding breeds originated m 
Europe and Asia, where they have been used for 
centuries to protect sheep from wolves and bears. 
American stockmen have used guarding dogs since 
the mid- 1970s. Several breeds of dogs have been 
used for predator control; no particular breed has 
emerged as the most effective. The more common 
breeds include the Great Pyrenees of France, the 
Akbash and Anatolian Shepherd of Turkey, the 
Maremma of Italy, the Shar Planinetz of Yugoslavia 
and the Komondor of I-Iungaly. Most of the breeds 
range from 75 to over 100 pounds and stand 25 
inches or taller at the shoulder. However, smaller 
mongl-el dogs have also been used successfully, 
especially when accompanied by herders (Black and 
Green 1985, Coppinger et al 1985). 
Several research projects have been conducted 
to deteimlne the eflectiveness of the various breeds 
under field conditions. Dogs can be used effectively 
in falm flock pastures, on open range and in feed- 
lots 
Gua-d dogs have become a more widely recog- 
nized foim of predator control and therefore have 
increased in abundance and availability. In selecting 
a dog for guarding pulposes, one should consider all 
characteristics of that pal-ticular breed. Such traits 
include behavior, rate of matui-ity, aggressiveness 
and self-confidence, along with gender-specific traits 
and the number of dogs needed for the area to be 
protected. 
Buyers should also consider the bloodline of 
the guard dog and pmchase or lease a dog based on 
a history of proven results. There are many guard 
dog breeders; the Texas Depa~tment of Agriculture 
maintains a cwent listing of breeders within Texas. 
Guard dogs should be reared with a flock of 
sheep in order to secure a close bond between the 
dog(s) and the livestock. This act IS called socializa- 
t ~ o n  and can be accompl~slied in vanous ways, 
depending on the dog and your situation. Dogs 
generally mature rather slowly, thus increas~ng the 
need to folm a bond between the dog and the sheep 
before the dog is introduced to a specific flock of 
sheep. Guard dogs may be pmchased as grown, 
mature adults ready to work, 01- as young puppies 
with little experience. In either case, there must be 
some interaction with the dog and sheep before the 
guard dog is asked to earn h ~ s  keep. 
Ideally, pupples should be placed with a flock 
of sheep in an enclosed ciivirontnent so the pup is 
not allowed to leave his flock. Pen the newly- 
weaned pup w~th 6 or more sheep for 8 to 16 weeks 
(until the pup reaches 5 months of age) near water, 
bedding ground or other points, whel-e the sheep 
gather (Lol-cnz and Copp~nger 1986) Aftel- this 
time, evaluate the dog's capbillties to dete~m~ne 
when it IS best su~ted to bc lcl't alone with sheep. 
Some ranchers choose to leave the dog with the 
sheep during the day and pen them at night T h ~ s  
allo\vs the puppy to become accustomed to being 
alone with the sheep for extended periods of time in 
an open environment. A pup is usually ready to 
guard livestock at about 8 months of age A good 
lnd~cator that you can leave your dog alone is that it 
stays with the sheep rather than following you as 
you leave the pasture (LoI-enz 1986). 
The cost of a livestock guard~ng dog varies 
among breeds and breeders, and depending on the 
level of maturity and train~ng. Comnion costs 
associated with guardian dogs include feeding, 
veterinary care and mamtenance. Costs associated 
with acqu~sition of the dog as well as the dog's 
longevity need to be figured in the overall cost to 
your operation. The average life span of a dog is 
10- 12 years. However, untimely deaths take their 
toll during the early years, primarily because of 
acc~dcnts 
Effective use of dogs depends on their training, 
care and feeding. Factors to consider in the use of 
guard dogs include: severity of predation losses, 
pasture size, livestock habits (i.e., herding tendency, 
acceptance of dog), expense, the time involved in 
train~ng the dog, compatibility with other predator 
control methods in practice, and also the predator 
control methods used by adjacent ranches 
Dorzkeys arid trlules. Though livestock guarding 
dogs have received much attention in recent years, 
other an~mals (e g., donkeys) are also being used to 
deter predators. Donkeys and mules have been used 
w~th some success to reduce predation on sheep and 
goats from coyotes and dogs (Walton and Feild 
1989). The effective use of guard donkeys capital- 
izes on the equines' herding ~nstincts and natural 
dislike of, and aggsessiveness towards, canines. 
Loud bray~ng may also be helpful in d~scouraging 
some predators 
Unda- proper conditions, guard donkeys can 
plpv~de a h~gh degree of a-ound the clock protection 
aga~nst dogs and coyotes. They may also offer some 
protection against foxes and bobcats. However, 
lager prcdato~s uch as mountain lions, gray wolves 
and black and gi-izzly bears ( U ~ s u s  pp.) may prey 
on donkeys. Because individual differences in 
guarding abilities exist among donkeys, management 
practices may need to be tailored to capitalize on 
particular qualities of a donkey 
Donkeys are compatible wlth most trad~tional 
methods of predator control and can be used in an 
integrated predator management program. Because 
they can forage with sheep or goats, are inexpensive 
to maintam, and they have an expected useful life of 
10- 1 5 years as guard animals. 
Donkeys me easy to obtain and can be pur- 
chased from breeders or from auction barns. Most 
often, jenn~es we sultable for guard animals and cost 
$75 to $150 (I 995 prices) Jacks cost half as much 
as jennies, but should be neutered before use as a 
guard animal due to an intact jack's aggressive 
behavior to all animals. Proven guard donkeys may 
be more espensive. After initial acquisition of 
breeding stock, some guard donkey users produce 
their own stock. This practice allows selection for 
donkeys with good guard~ng tendencies. 
Care and maintenance of donkeys is m~nimal. 
Annual health care such as worming and vaccina- 
tion aga~nst common equlne diseases is recom- 
mended Supplemental feeding during periods of 
poor range conditions may also be required. Don- 
keys should not be allowed access to feed containing 
ionophore feed add~tives (e.g. lumensin), urea or 
other products intcnded only for ruminants. Other 
vetel-inary care, e g , floating of teeth or hoof trim- 
ming may be needed periodically Average ma~nte- 
nance costs avel-aged less than $70 in 1989 (Walton 
and Fe~ld 1989) 
Guard donkeys rcqun-e no special tralning 
Ho\vever, bondlng w~th thc l~vestock to be protected 
IS necessaly in some Instances to ensure that the 
donkey will stay w ~ t h  the flock. FIalter-breaking and 
teaching a donkey to load in a trailer will increase 
ease of handling. Donkeys can be used with rela- 
tive safety in conjunction with snares, traps, M-44 
devices and Livestock Protection Collars. 
Guard donkeys should be selected from 
medium- to large-s~zed stock Do not use estremely 
small or miniahre donkeys Always select a donkey 
that can be sold or culled ~f 11 falls to p e ~ f o ~ m  prop- 
erly (wh~ch may PI-eclude an~mals from such pro- 
grams as the Bureau of Land Management's Adopt- 
a-Burro program) 
Donkeys ~deally should be raised with the 
an~mals they will guard If possible, place the 
donkey with die sheep at b ~ ~ t h  or at time of weanlng 
Jennies 1\~1~1i ncwbol-n foals may be overly protec- 
tlve or too aggressive to sheep Further, guard 
donkeys should be mon~tored during lambing or 
k~dding times as some donkeys may be aggressive or 
overly possessive of the ne\vbo~n lanibskids. The 
donkey(s) may he temporarily removed In these 
instances Guard donkeys should also be raised away 
from dogs, and the use of herding dogs around 
do~llieys hould be avoided 
When placing a donkey into a pasture, isolate ~t 
fiom other equines Donkeys tend to socialize with 
other equines and will stray away from the flock rf 
given the opportunity to mix with other equines. 
Donkeys tend to be most effective when used in 
small (less than 600 acres) open pastures with not 
more than 200 head of sheep or goats (Walton and 
Feild 1989). Large pastures, rough terra~n , dense 
blush, too large a herd and sheep or goats that 
become scattered all lessen the effectiveness of 
guard donkeys. 
Llat~ras. Llamas (Llattra glattra), like donkeys, have 
a natural dislike for canines. T h ~ s  ~nstinct allows 
llamas to work well as guard animals The use of 
llamas as guard animals is not as extensive as either 
guard dogs or donkeys at h s  time. However, llamas 
are becoming more common, less expensive and 
therefore be~ng utilized as guard animals more 
frequently (Frankl~n 1993). Research on guard 
llamas has bcen undetway at Iowa State University 
slnce 198 1 with positive results. 
Llamas are generally more expenslve than guard 
dogs and considerably more espensive than donkeys. 
Most guard llamas are gelded males costing $700 to 
$800; intact males are about $ I00 cheaper (Franklin 
1993). The average l~fespan of a llama is 10-1 5 
years. Llamas fit easily into a sheep herd, readily 
foraging on whatever the sheep are eating. They do 
not require special feed, except in t~mes of drought 
or adverse conditions. Other veterinarian practices 
such as vaccinat~ons and regular deworming are 
recommended. Guard~ng effectiveness of llamas 
may be adversely aiTected by hot weather, but proper 
shearing may help with this problem 
Introduction of llamas to sheep has been accom- 
pl~shed at various ages. Llama breeders traditionally 
wean offspring at 6-8 months of age and castrate 
males at 6-24 months of age. In the study conducted 
at Iowa State University (Franklin 1993), nearly all 
llamas had no pr~or  experience with sheep before 
b e ~ n g  ~ntroduced to the herd they were to protect 
Average age of llamas used was 2 years but ranged 
from a few months to over 12 years. Most introduc- 
tions of llamas to sheep required only a few days 
before bonding between species occurred. Many 
producers reported that guard llamas show intense 
interest and attachment to young lambs (Franklin 
1993). 
Repellents and frightening devices 
Several devices or chemicals have been promo- 
ted as having utility for dete~ring predation. How- 
ever, the use of dev~ces to frighten andlor repel 
predators is almost always short-term, ~f any re- 
sponse is noted at all (Lehner 1987, Shelton and 
Thompson 1975). Experiences to date suggest they 
offer no real solution to predator problems. 
Various repellents including capsaicin, cinna- 
maldehyde, uiidecenovannillylamie, coal-tar deriva- 
tives and other chemicals have been evaluated as 
either pow-ons or in collars that are attached to the 
target sheep (see surnmaly in Lehner 1987). M. 
Shelton (Texas Agric. Exp. Sta., San Angelo, pers 
cornrnun.) reported that short-term relief from 
predat~on is sometimes observed after treating goats 
with insecticides used to control l ~ c e  
Predators tend to become accustomed to these 
dev~cedchemicals, therefore most authors suggest a 
diversity or combinat~on of methods be used 
Linhart (1983) and Lehner (1987) sununarized 
research studies involving gustato~y and olfacto~y 
repellents and concluded that such repellents offer 
little potential for resolv~ng coyote damage prob- 
lems 
Propane cannons, horns, slrens and radios are 
sometimes used in attempting to repel coyotes from 
lambing grounds These devices may also adversely 
affect the livestock to be protected. They may also 
result In d~sturbance to neighbors and non-target 
species. Wh~le  sonic repellents usually have only 
short-te~m efyects, they are generally conlpatible 
with other f o ~ m s  of predator management. The 
"Electronic Guard" emits periodic sirens and strobe 
lights and has been used successfully to curb 
predation losses on sheep bedding grounds (Linhai-t 
et al. 1984). 
Aversive conditioning 
Considerable research was undertaken dul-~ng 
the 1970s and 1980s to evaluate the concept of 
aversive cond~t~on~ng (Lehnel- 1987, Olsen and 
Lehner 1978). Avers~ve cond~t~oning ~nvolves 
dosing a prey item with an emetic compound (e.g., 
lithium chloride) to produce an induced nausea In 
the coyote. Ideally, the coyote associates the illness 
with the novel food, and lealns to avoid that food 
(prey). Although results m field trials varied, aver- 
slve conditioning is generally not cons~dered as a 
viable damage control tool 
Lithium chloride is a chemical that has been 
used in research studies conducted In the United 
States and Canada It is an emetic, and when con- 
sumed results in the animal experiencing short-term, 
severe gastrointestinal discomfort, usually accompa- 
nied by vomiting. Taste aversion has variable 
success in deterring predators from particular 
species of livestock. In order to be successful, 
predator must make the association between the 
illness produced and the tzste of the species. 
Baits injected with lithium chloride solution 
may be prepared and placed in strategic locations to 
encourage uptake by predators. Baits should be 
made out of hides and ground mutton from cull ewes 
or losses. Carcasses may also be injected w ~ t h  the 
solur~on Proponents of this technique rna~ntain that 
coyotes with a condit~oned taste aversion will avoid 
sheep and lambs and also will not teach offspring to 
use sheep as a food source These claims are 
speculative and have not been documented by other 
researcha-s. 
Livestock husbandry and management practices 
Several livestock management practices have 
proven to be effective In deterring predators. These 
methods should be practiced in conjunction with 
other forms of predator control. 
Total confinement offers the h~ghest degree of 
protection, but has it's drawbacks These include 
increased cost of feed, disease control, quality of 
wool and mohair production, increased labor costs, 
etc. Thus, total confinement 1s impractical for range 
operations Shed birthing of lambs and kids pro- 
vides protection at the most vulnerable age T h ~ s  
method requires increased cap~tal investment and 
costs associated with labor and d~sease control, but 
these costs may be offset by an Increase in lamb and 
kid crops 
Predators often respond to the most abundant 
and available food source, therefore, alternating 
lamb~ng and k~dding seasons to prevent a build-up 
of predators dependent on this food source may 
result in a decrease in predation. Coyotes typically 
whelp in the early summer (April-May) and food 
demands of the parents are highest during early- 
summer (Till and Knowlton 1983). Fall-lambing 
may avo~d the period of greatest demand for food by 
these predators 
Penning of sheep at night may be another 
option. Predation by coyotes, foxes and bobcats 
most often occurs pn~naily between dusk and dawn; 
therefore, night penning provides protection during 
the perlod of greatest \wlnerability This method 
does involve tncreased lahor as a result of move- 
ment of livestock and maintenance of facilities. 
Removal and proper disposal of dead livestock 
and other sources of can-ion may be helpful in 
reducing ~ncidence of predation by reduc~ng the 
attraction of predators to areas used by livestock. It 
also reduces the artific~al food supply available to 
predators, w ~ t h  predators becoming less likely to 
develop a taste for livestock. 
Select~ve use of pastures is a techn~que rela- 
t~vely easy to ~mplement, given alternate grazing 
lands are available. Some pastures, due to vegetative 
and physiogr-aph~c features or proximity to preferred 
habitat, lend tlien~selves to higher predation rates. 
Changes in seasonal use or class of livestock used in 
such pastures may prov~de some relief. 
Fencing 
The use of convent~onal and electric fencing has 
increased as a predator management method be- 
cause of restnctlons on altc~unte methods Various 
types of fenc~ng es~sts  that may be util~zed as 
predator deten-ents (Shclton and Gates 1987, Linhart 
et al. 1981). Fencing is most successful if it is 
implemented before a pattern of movement has been 
establ~shed by a predator. If coyotes have been 
feeding on an~mals wtth~n a given pasture, the 
construction of a fence w ~ l l  probably not deter them, 
as they recogntze these an~mals as a food source. 
Cost ~Kectiveness of fences is I-elated to the type 
and dens~t); of predators, along with acreage in- 
volved and land productiv~ty. Other factors that 
contribute to the cost ell'ectiveness of fences are 
construction and maintenance cost, stocking density, 
tel-ra~n and soil type Fencing to ward offpredators 
has been proven to be most useful and cost effective 
on small, level, open pastures with a minimum of 
brush (Shelton 1984, . 
There are many types of fencing used to manage 
predators; however, the most common types are net 
wire and electric fencing. A fence should be at least 
5.5 feet tall to dtscourage predators from attempting 
to jump the fence. An overhang on the outside of 
the fence prevents cllrnbing. Digging under the fence 
can be prevented by a buried barb wire or mesh 
apron The mesh size of the fence should be a 
maximum of 4 ~nches by 6 ~nches, but preferably 
smaller to ensure that coyotes won't attempt to crawl 
through the fence. 
Nehvire may be fatal to livestock and deer after 
feeding through the wire or attempting to jump over 
and becoming entangled T h ~ s  optton is also very 
expensive. By using informat~on on stock~ng rate, 
fencing costs, size and shape of area fenced and 
estimated life of the fence, producers can calculate 
relatively easily the annual per-head costs to deter- 
mine if this approach is feasible (Shelton 1984) 
EIechic fenc~ng may be suitable as temporary or 
pe~manent fencmg Tlus type of fencing will prov~de 
a physical biu~ier as well as, a psychological batrier 
to predators. T h ~ s  type of fencing is less expensive 
than net-wre fencing but it requires a higher degree 
of maintenance. 
Modifying existing net-wire fences by adding 
one or more electric wires have proven effective at 
deterr~ng coyotes (Shelton 1984, Roll~ns 1991). 
T h ~ s  may include adding a trip wire to the bottom, 
middle or top of the fence. When adding a wire to 
the bottom of the fence, it is necessary to place it in 
the proper position. Placing the wire too high or too 
far away fo~m the fence may prove to be ineffectwe. 
Generally, the electdied trip wire should be located 
about 8-10 ~nches outside the fence and about 6 
inches off the ground. Brush in fencelines may be 
a chronic problem with placing and servicing such 
t r ~ p  w~res.  Adding an electrified wlre to the top of 
a fence will glve added height to the fence and 
discourage climbing by predators 
It should be noted that fencing is not a cure-all 
for predator problems; however, w ~ t h  proper use 
fencing can be very effective in a predator manage- 
ment program 
Conclusion 
Predator management continues to be a problem 
that livestock producers must address. With ever- 
increasing pressure against the use of lethal methods 
of control, producers inct-easing have adopted 
alternative, non-lethal control methods. The use of 
guard animals, including donkeys, dogs and llamas 
has provided some relief from predation. Other 
fo~ms of control andlor deten-ents are the repellents 
and frightening devices, along with proper use of 
fencing. An altelnative that is currently under prod- 
uct registration revlew is the use of lithium chloride 
as a taste aversion product. 
At any rate, an effectwe predator management 
program must ~nco~porate the use of several meth- 
ods of control into an ~ntcgrated pest management 
philosophy. This approach should comblne the 
ranchers' concerns over predator- related livestock 
losses with the equally valid need to protect wildl~fe, 
the environment and the publ~c. 
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THE LIVESTOCK PROTECTION COLLAR FOR REMOVING 
DEPREDATING COYOTES: A SEARCH FOR PERFECT 
JUSTICE? 
DALE ROLLINS, Assoc~ate Professor and Extension Wildlife Specialist, Texas Agricultural Extension 
Service, 7887 N f-Iwy. 87, San Angelo, TX 76901 
Abstract. Lethal control techniques for controlling coyotes (Canis latlmu) are often maligned as a means for 
resolving coyote depredations on domestic livestock. With the exception of theh Livestock Protection Collar 
(LPC), lethal control methods (e.g., foot-hold traps and neck snares) lack the ability to specifically remove those 
coyotes actually preying upon livestock. The LPC capitalizes on attack behavior of coyotes to remove offending 
individuals. Although currently registered for use in 5 states, LPCs have been used routinely only in Texas. 
Success with LPCS involves an understanding of coyote behavior and proper targeting of collared livestock. LPCs 
have been used in Texas to successfully remove problem coyotes that have lea~ned to evade other forms of control, 
and this may be their niche In an arsenal of lethal and nonlethal contl-ol altematlves. Herein, I revlew the 
development and tcst~ng of LPCs and cun-ent use in Texas. 
Arguments sun-ounding coyotes often involve 
the control methods available for resolv~ng damage 
~ncidents. Over the last 20 years, public concerns 
over the use of toslcants and other fc)~nis of lethal 
control have increased grcntly. Proponents of lethal 
techn~ques such as foothold traps or neck snares 
criticize these methods as nonselect~ve, i e , as likely 
to take nontarget animals as coyotes. 
The ideal control method is one that would 
combine effectiveness, safety, selectivity, cost- 
effectiveness, social acceptability and ease of use 
(Sterner and Shumake 1978). Given the range of 
hab~tats and damage s~tuations that characterize 
coyotes, these cr~teria ~ 1 1 1  l~kely never be achieved 
However, the Livestock Protect~on Collar (LPC) 
may come as close as any tzchn~que currently avail- 
able. 
History of LPC 
The LPC was invented by Roy McBr~de in the 
early 1970s and is cunently registered for use with 
the U S. Enivo~nmental Protect~on Agency under 
McB~ide's company (Rancha-'s Supply, Inc , Alpine, 
TX) EPA registration was prcceded by intensive 
researcl~ by the Denvcr W~ldl~fc  Research Center to 
assess the ellicacy of I,PCs as a predator man- 
agement tool (Bums et al 1984, Connolly 1985). 
McBI-ide's org~nal prototype of the LPC stem- 
med fsom his obse~vat~ons that most coyotes attack 
sheep and goats at the throat, just behind the mandi- 
ble In its current f o ~ m  ("small s~ze"), the LPC 
consists of of 2 lubber bladders each of which 
contains 15 ml of a 1% solution of sodium fluoro- 
acetate (Compound 1080). A "large size" version 
contains 30 ml in each bladdel- of a 0.5% solution of 
1080 Only the small version is registered currently 
for use in the U.S., but registration is being sought 
for the largel- verslon as well. A pink (Rhodomine 
B) [early vers~ons] or yellow (Tartrazine) dye is 
contained in the solut~on as a contamination indica- 
tor. The LPC is held in place with Velcro straps for 
attachment beneath the throat and just behind the 
jaw of a lamb or kid goat (USDA-APHIS 1990) 
(Fig. 1) 
The LPC cap~tal~zes on the kill~ng behav~or of 
coyotes attacking sheep and goats Coyotes typ~cally 
attack sheep-sizcd animals by b~ting them under the 
neck and clushing the trachea, causlng suffocation 
(Coru~olly et al. 1976). Coyotes that exhibit such 
attack behavior ruptured one or both bladders of the 
LPC in at least 75% of their attacks on sheep under 
pen-monitored trials (Connolly 1985) In doing so, 
the attacking coyote receives a lethal oral dose of 
1080 Dosed coyotes die from 2 to 7 hours later 
(average about 4 hours) 
Figure 1 Diagram of Livestock Protection Collars In use on sheep (left) and goat (fi-om TDA 1994) 
As of 1989, LPCs were registered for use by 
state-cel-tified applicators in Texas, Montana, Wyo- 
ming, South Dakota and New Mexico. Of these, 
most of the field use has been conducted in Texas 
(Walton 1990). Tra~ning materials for cel-tificatlon 
to use LP Collars are available that address user 
certifcation, applicat~on and hazard information 
(Wade 1985, TAEX 1990, TDA 1994). Use of 
LPCs is restricted in extreme south Texas due to the 
possible presence of 2 specles of end-angered 
felines. 
AlthougJ~ users and agencies have been slow to 
adopt the LPC and use it  w~dely, LPCs have gained 
immediate and widespread use in several foreign 
countries in Central and South America and Africa 
(R. McBride, Rancher's Supply, Inc., pers. com- 
mun.). 
Advantages of LPCs 
strates the LPC's specificity, a characteristic unad- 
dressed by other techniques but important in deter- 
min~ng publ~c acceptance of control alternatives 
(Cam et al 1972, USFWS 1978). 
The notlon that a coyote population contains 
both "killer" and "nonkiller" coyotes (relative to 
I~vestock) has been espoused and has at least some 
empirical support (Connolly et al. 1976, USFWS 
1 978). Eight of 1 1 captive-reared coyotes killed 
sheep (Connolly et al. 1976), and 18 of 19 pen- 
reared coyotes killed sheep in another study 
(USFWS 1978.74). However 16 of 54 wild-caught 
coyotes did not kill sheep when confined in a 2 5 
acre observation area, even aftel- being deprived of 
food for several days. However, these authors 
caution about estrapolatlng results of pen trials to 
field situations. A consensus seems to be that, while 
all coyotes do not kill sheep, most coyotes that are 
exposed to sheep, especially lambs, will probably 
l ea~n  to kill sheep eventually (USFWS 1978) 
The LPC is the most selective control method The niche that LPCs cun-ently occupy in Texas' 
available for removing those coyotes that are actually predator control scheme has been primarily one as a 
attacking sheep and goats This latter abil~ty illu- measure of "last resort". LPCs have been used 
successfully by users and the Texas Animal Damage 
Control Sewice (TADCS) to remove problem 
coyotes that have leaned to avoid more traditional 
control methods (e g , traps) (Walton 1989, Dorsett 
1995a, b) Additional field studies need to be 
conducted to address the LPC's effectiveness as the 
primary corrective control. 
Use in Texas, 1988-94 
EPA granted a conditional registration to 
Rancher's Supply, Inc for use of small LPCs in 
December 1987, and celllfication of applicators 
began in Apr~l 1988 (Walton 1990) A total of 5 1 
licensed LPC appl~cators obtalned LPCs, and 40 
applicators used LPCs dur~ng t h ~ s  per~od. Use by 
TADCS employees began on a pilot basis In 1990 
(Dorsett 199 1 ) LPC use by TADCS personnel 
increased fi-om 12 projects In FY90 to 44 in FY94 
Success rates (i e., coyotes were taken by LPC use) 
have averaged just under 50% over the 4 years of 
use by TAnCS (Dorsett 1995). This success rate 
should be v~ewed in the context that the coyotes 
removed had already evadcd other oligolng control 
efforts, includ~ng M-44 devices, traps, snares and 
aerial gunnlng. Dorsett (1 995) acknowledged that 
the LPC has become a very useful tool to TADCS 
for removing problcni coyotes. 
One of the d~sadvaiitages of uslng LPCs is the 
expense of purclias~ng enough LPCs to collar a 
sufficicntly large target llock (e.g., 100 head). 
Collars cost $20 each and could present a s~zeable 
investment for the individual rancher. A collab- 
orative effort d U ~ e  TDA, Rancher's Supply, Inc. and 
the Texas Agricultural Extension Se~liice (TAEX) 
allowed for the fol-tnatlon of "county collar pools" 
(TDA 199 1) liestr~ct~ons concerning collar pools 
are found in TDA's (1994) cel-tlfication tralnlng 
handbook Although thc agreement allowed a 
maslmum of 15 pa~- t~c~pa t~ng  counties, only 6 
counties actually fomied collar pools (TDA 199 1 ), 
and these have bcen used ~nfrequently Most of the 
LPC use in Texas cull-ently IS under the auspices of 
TADCS personnel 
Using LPCs effictively 
McBride (in TAEX 1991) lists the following 
reasons when citing fa~lul-cs in LPC use: 
(a) using collars where killing frequency is erratic 
and infrequent; 
(b) users try to manipulate coyote behavior by 
placing collared animals m pastures where attacks 
had not been occm-kg, or by using collared animals 
unlike those being attacked; 
(c) using insufficient collars to ensure that a coyote 
will prey upon a collared individual; and 
(d) improperly targeting the coyote's attack to the 
collared animals. 
A 14-minute instructional video "Usrng Livestock 
Piotectiorr Collais" IS available fi-om TAEX (write 
to author at address listed on this paper) and pro- 
vides managcnicnt tips for increasing success with 
LPCs. 
LPCs are most effect~ve in areas with a high 
frequency of attacks and where other control mea- 
sures have failed. Success will be highest when 
proper "targeting" methods are used to focus coyote 
attacks on collared livestock (Wade 1985). A 
"target flock" consisting of a small number (e.g., 20) 
of collared lambs or kid goats are accompanied by 
100 or more adult an~mals. McBride (pers. com- 
mun.) recommends target flocks consist~ng of 100 or 
more collared lambslgoats with several hundred 
adult animals, in a ratio of about 1 collared young 
per 10 adult animals If given a preference, coyotes 
will almost always attack the younger animals 
(Guthe~y 1977). Other uncollared livestock on the 
site should be moved to a safe area or penned until 
offefend~ng myote(s) are removed or predation ceases. 
Conclusions 
The ~nvention, testing, reglstratlon and sub- 
sequent field use of LPCs has been a drawn out, 
political process. Users cert~fied by TDA complain 
that record-keeping requirements and use restric- 
tlons ase cumbersome, and user acceptance of LPCs 
in Texas has been slow to date. However, these 
pol~t~cal constraints should not overshadow that the 
LPC has proven to be a selective, effective and 
indeed specific tool for removing coyotes that 
actually kill sheep and goats. 
The LPC is the only control alte~native currently 
available for delivering "perfect justice" to coyotes
guilty of killing livestock, i.e., its specificity rarely
affects non-offending animals (coyote or nontarget).
The fact that it involves a relatively slow-acting and
highly politicized toxicant (Compound 1080) hin-
ders its acceptance among animal welfare groups
However, such groups generally oppose the use of
all lethal control alternatives, regardless of their
selectivity, specificity or perceived humaneness.
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IMMUNOCONTRACEPTION AS A TOOL FOR CONTROLLING 
REPRODUCTION IN COYOTES 
LOWELL A MILLER, U. S. Dcpatment of Agriculture, National Wildlife Research Center, 17 16 Heath Parkway, 
Fott Collins. CO 80524 
Abstract: The development of imrnunocontraception as a tool for population management of coyotes (Canis 
la~.ans) and reduction of coyote predation may provide an environmentally safer alternative to pesticides. Because 
they are proteins, ~mmunocontraceptive vaccines do not persist in the environment or bioaccumulate in the food 
chain. The National Wildlife Research Center (NWRC) will examine the effects (immunological, holmonal and 
behavioral) of treating penned coyotes with 2 imrnunocontraceptive vaccines: porcine zona pellucida (PZP) and 
gonadotropin releas~ng hoimone (GnRH). Initial studies will be conducted using traditional subcutaneous 
injections; howeva-, the goal IS to develop an orally-deliverable immunocontraceptive vaccine as an alternative 
tool for coyote populat~on management 
Livestock predation by coyotes is a chronic 
conern of many sheep and goat ranchers. A 1990 
survey estimated that, of the nearly 6 million lambs 
born in the 16 westeln states, 549,000 lambs died 
from all causes (Connolly 1992). Nearly 60% of 
the losses were a I-esult of predators. Coyotes were 
the main culprit, accounting for 70% of the 
predator-caused mot-talltles The econonlic impact 
on producers and consumers 11.1 1990 was approxi- 
mately $1 1 4 million Desp~te intensive historical 
control effol-1s in livestock production areas, and 
despite spoil hunting and trapping for fur, coyotes 
cont~nue to thrivc and expand their range, occu11-ing 
w~dely across North and Central America 
Scientists at the Nat~onal Wildlife Research 
Center and its prcdeccssor laboratories have con- 
ducted research for over 50 years on the problem of 
livestock pl-edation by coyotes, and on developing 
methods to min~mize predation losses Available 
techniques include husband~y practices, shooting, 
trapping, frightening devices, livestock guarding 
dogs and tos~cants (Fall 1990). None of these 
control methods is completely practical or effective 
in all of the diverse situat~ons in which coyote 
predation on l~vestock occurs. Also, as the costs of 
labor-intens~ve skills and appl-oaches continue to 
increase, new techn~ques are needed. Further, 
coyotes are viewed increasingly by the public as a 
desirable w~ldl~fe  speclcs Accordingly, efl'ective 
nonlethal methods are being sought for resolution of 
predation problems 
Immunocontraception has been suggested as 1 
nonlethal technique with application for reducing 
coyote numbers In areas where they are causing 
depredat~on losses, or for managing the predatory 
behavior of tell-~tol-ial pairs (Knowlton 1989). 
However, private industry has had little economic 
incentive to develop new materials for this use 
because of the small quant~t~es of materials that 
would be used in predation control This situation 
with mlmunoconkaception vaccines parallels that for 
toxicants and other coyote predation control prod- 
ucts (Linhai-t et al 1992). 
Basics of immunocontraception 
The neonatal veltebl-ate immune system devel- 
ops a recogn~tion of "self' proteins, carbohydrates, 
and holmones. This self recognition is essential, 
since the production of antibodies against pathogenic 
bacteria and viluses is necessary for survival. 
However, the foimation of antibodies against "self' 
can be an abnolmal destructive process, e.g., dis- 
eases like multiple sclerosis and arthritis. 
The entire immune system is in constant surveil- 
lance to detelmine "self' vs "foreign" proteins. For 
example, in the digestive ti-act, particles and organ- 
isms are examined and either tolerated or attacked 
by antibodies The respiratory and intestinal muco- 
sal surfaces contain various white blood cells (lym- 
phocytes and macrophages) that are responsible for 
generating specific immune responses. In the small 
intestine, groups of lymphoid cells known as Peyer's 
patches (PP) sample bits of food proteins and micro- 
organisms as they pass through to determine if an 
immune response will be directed against the incom- 
ing organism or food particle. 
Anti-fertility vaccines are directed against "self' 
reproductive antigens (holmones or proteins) to 
which the recipient normally is immunologically 
tolerant. These antigens are made "non-self' or 
"foreign" by coupling them to a protein that is 
recognized as fore~gn to the animal. As the animal' 
immune system exanlines the conjugated self-fore~gn 
protein, antibodies are produced to its own repro- 
ductive proterns and holmones This Induced 
immune response agalnst "self' is the key to 
immunocontracept~on The mfer-tility lasts as long as 
there are suflic~ent antrbod~es to intelfere wrth the 
biological activ~ty of the targeted hormone or repro- 
ductive protein, usually 1-2 years. 
Reproductive hormones and proteins involved in 
immunocontraception 
Immunocontraceptive vaccines can control 
reproduction at various stages They can interrupt 
the reproductrve activrty of both sexes by (a) inter- 
ferrng with the biological act~vrty of hornlones, (b) 
block~ng spelni penetration of an ovulated egg, or 
(c) preventing implantat~on and development of a 
fertilized egg 
Gonadotropin releasing holmone (GnRH) 1s 
produced in the bra~n by the hypothalamus and 
controls release of the pituitaly reproductive hor- 
mones follrcle stimulating holmone (FSH) and 
luteinizing hormone (LH). These ho~mones in turn 
control the hormonal hncrions of the gonads (ova- 
ries and testes) Antibodies to the hypothalamic 
hormone will reduce the crrculating level of 
biologically-active GnIUI, thereby reducing the 
release of subsequent reproductive hormones. The 
reduction or absence of these hormones leads to 
atrophy of the gonads, resulting in infertil~ty in both 
sexes. Both avran and mammalian f o ~ m s  of GnRH 
have been Identified. 
The zona pellucida (ZP) is an acellular glyco- 
protein surrounding the egg or oocyte. It is located 
on the outer surface of the egg between the oocyte 
and the granulosa cells. Antibodies to this glyco- 
protein layer result in infertility by 1 or both of these 
actions: (a) blocking sperm from binding to the ZP 
layer, and (b) interfering with oocyte maturat~on. 
For a sperm to fertilize the egg, it must first bind to 
a receptor on the ZP. An enzyme in the sperm 
breaks down the ZP and allows the sperm passage 
Into the ovum. Ant~bodies to the ZP also prevent 
fertilization by interfering with oocyte-granulosa cell 
communication, resulting in the death of the devel- 
oping oocyte (Dunbar and Schwoebel 1988). 
Smce protein in the sperms' head normally bind 
to the ZP receptor on the oocyte, antibodies to these 
sperm prote~ns can be produced, by vaccination in 
the female that are available to bind to sperm In the 
oviduct. This prevents sperm fiom binding to the ZP 
receptor Sperm protein immunocontraception IS 
belng investrgated for contraception of the red fox 
and the rabbit In Australia (Morel1 1993, Tyndale- 
B~scoe 199 1) A ZP protein has not been identified 
in avian species, nor has the cross-reactivity of PZP 
been tested in avian species. 
Chorionic gonadotropin (CG) holmone, which 
is produced by the Implanting embryo in some 
species, induces the corpus luteum to continue 
production of progesterone which is required for the 
maintenance of pregnancy. Ant~bodies to CG reduce 
blood levels of this holmone and thereby prevent 
~mplantation of the fertilized egg. 
The riboflav~n requirement of the developing 
emblyo is sat~sfied by active transport of this water- 
soluble v~tamin across the placenta. This transport 
is provided by a gestatronal-specific carrier protern 
called riboflavin carrier protein (RCP). RCP plays 
a pivotal role in emb~yo development in avian and 
mammalian specles. Antibodies formed agalnst 
RCP interfere w~th  placental transfer of riboflavin, 
thereby preventing development of the early embryo. 
This technology probably would result in the least 
change in social behav~or of the target species of any 
of the proposed vaccines (Natraj et al. 1987, 1988). 
Reproduction can be blocked at many sites in 
the reproductive process; the above examples are the 
sites where most investigative work has been done. 
Behavioral and social changes in target animals 
result~ng from specific vaccines may dictate the 
vaccine of choice in each s~tuation (Jones 1982, 
Griffin 1992). 
Methods of  adrr~inistering vaccincs 
Subcutaneous or intramuscular (I M.) injection 
are the traditional f o ~ m s  of vaccine delivery. In 
order to accomplish I M injections in free-roaming 
an~mals, the vaccine must be del~vered by a dart or 
a "bio-bullet" (Kirkpatrick et al. 1990, Tu~ner  and 
Kirkpatrick 199 1, Gall-ot et al. 1992, Tu~ner  et al. 
199 1, .I 992). Whlle these methods may be effective 
in certain confined locations, they are impractical 
when dealing with mobile wildl~fe populations in 
large open areas . 
Except for the oral polio vacclne introduced by 
Dr. Sabul in the 1950s, oral vaccinat~on has received 
little attention fbr humans bccause it requires larger 
quantities of vacclne and 1s less predictable than 
subcutaneous or I M. routes In marnnials, oral 
immunization takes place in the pha~yngeal inlmune 
follicles (e.g., the tonsils) and in the small intestine. 
Thcre are thousands of immune foll~cles throughout 
tlie small intest~nc, wlth a h~gher concentration in the 
distal portion in most specles Vaccines, being 
protern m nature, arc digested rap~dly In the stomach 
when given orally, hence, ~mniunization must occur 
e~ther in thc pharyngeal arca 01- the vaccine needs a 
protective capsule to sur\ll\re passage through the 
stomach then be released In the small intestine 
(McGhee et al. 1992) 
The safest way to deliver the antlgen orally is to 
protect it until it is taken up by the PP and del~vered 
to macrophages A combination of 2 approaches 
could lead to effective antlgen uptake and potentla- 
tion of mucosal immune response. (a) entel-ic 
coat~ng of the ant~gen result~ng In delive~y vehicles 
that prevent degradation in  the stomach but allow 
absorption in the intestlnc, and (b) des~gning the 
vaccine to have enhanced attraction to the immune 
follicles In the small ~ntestine 
Recent underst:~nding of the n~echanisn~s by 
wh~ch pathogenic \Illuses and bacteria colonize and 
Infect the intestinal tract has provided new insights 
for developing successful and safe attenuated l ~ v e  or 
killed, oral vaccines. For example, a bacteria must 
sul-vlve the stomach's acid and proteolytic enzymes 
to successh~lly infect the small intestine. After 
surviving intact through the stomach, it must have 
adhesive properties which allow it to adhere to and 
colonize the intestinal wall, resulting in an infection. 
Bacteria without adhesive properties will be carried 
out of the gut w ~ t h  the waste material. 
Liposomes are spherical, artificial biological 
membranes made up of phospholipids and choles- 
terol that can be used to protect oral vaccines from 
digestive tract degradation. Since the liposome 
membrane contains lipids, which are stable in the 
gastrointestinal tract, an antigen placed inside during 
liposome synthesis is protected from gastrointestinal 
degradation. Cholesterol in the membrane adds 
stability and makes it attractive to macrophages in 
the PP where the liposome is taken up rap~dly 
because of the membrane's lipophilic nature. This 
character~stic of the membrane causes the liposome 
to simulate a microb~al cell when presented to the 
immune system The liposome acts as an antigen 
micl-ocanicr capable of targeting the antigen directly 
to the PP. 
I-Iowever, before a hposome can be taken up by 
the mas-ophages, it must bind to the mucosal sutface 
of the ~ntestine; othe~wise it will be swept out with 
the waste material. This mucosal adhesive property 
increases the mucosal uptake efficiency, thus requir- 
ing a smaller oral vacclne dose The most com- 
monly used liposome adhesive is a nontoxlc form of 
the bacterial lectin, cholera toxln (CT), a member of 
a family of enterotoxlns produced by several strains 
of enteropathogen~c bacteria (Holmgren et al. 
1992). Lectins have multiple binding sites and can 
bind to receptors on the liposome as well as to 
intestinal receptors. 
Recent advancements in molecular b~ology and 
immunology have provided us with new tools such 
as "live vectors" as delive~y vehicles. The most 
pmminent use ofthls technology In w~ldlife manage- 
ment is the use of the live vacclnla v i ~ u s  to deliver 
rabies vaccine orally to raccoons (Procyon lotor-) 
and foxes (Vu l l~es  vulpes). The attenuated vaccinia 
virus, a member of the pox vlruses, was used as a 
vaccine agalnst smallpox m humans for over 20 
years. Using recombinant genetic engineer~ng, the 
gene responsible for encoding of the rabies vlrus 
glycoprotein was insetted into the vaccinia virus by 
sclent~sts at the Wistar Institute This recombinant 
pox vi~us,  when given orally, was able to vaccinate 
the target animal against rabies. The tonsil lymphoid 
tissue is thought to initiate the immune response in
these target animals (USDA-APHIS 1991).
Live viral vectors potentially can be used to
deliver a contraceptive vaccine. This delivery
system is currently being tested in Australia
(Tyndale-Biscoe 1991).
Potential of immunocontraccption in coyote
management
Immunocontraception as a technology is avail-
able today, but only for use in a laboratory setting
and pen studies. Immunocontraceptive vaccines are
being produced in limited quantities and animals
injected with these vaccines become infertile for 1 -3
years.
The development of a practical, cost-effective
immunocontraceptive vaccine for coyotes is a multi-
year, multi-task project. The first task the NWRC
will undertake will be to determine the immune,
hormonal and behavioral responses to non-species-
specific PZP and GnRH immunocontraceptive
vaccines. Using serum from known lmmuno-
sterilized and fertile coyotes from the above study, a
new mimotope assay will be used to determine
portions of the PZP active in sterilizing the coyote.
This new test may hold promise for finding a PZP
peptide specific to coyotes These species-specific
peptides could then be used to develop a species-
specific ZP vaccine GnRH will continue to be
studied where species specificity is not critical
Some important behavioral questions related to
the effects of contraception on pair formation, pair
bond maintenance, breeding behavior and territorial
defense need to be addressed. The answers may
dictate in pail the choice of vaccines to be developed
for immunocontraception in coyotes
Practical use of immunocontraception for
controlling fi-ee-ranging coyote populations will have
to involve oral delivery of the vaccine The technol-
ogy for developing oral vaccines is in its infancy
However, because of a worldwide need for oral
vaccines against cholera and the HIV vims, rapid
progress is being made in this area. Oral immuniza-
tion using liposome or bacterial vectors will be the
goal of the NWRC Vaccines encapsulated in
liposomes will provide protection from the gastroin-
testinal environment and can induce a 500-fold
greater oral immune response as compared to free
antigens We plan to develop liposomes with a
cholera-toxin-B subunit on their surface to mimic the
adhesive properties of intestinal pathogens and
ensure optimal host immune response.
Finally, prior to field use, U. S Food and Drug
Adrrunistiation approval of the safety and efficacy of
this new vaccine will be needed Extensive labora-
tory, field and product testing will be required before
this or other materials are available for use in man-
agement programs.
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PHOTOGRAPHING COYOTES 
WYMAN P. MEINZER, JR. P. 0. Box ! 95, Benjamin, TX 79505 
Absxkact Wildlife photography has become an increasingly popular hobby over the last 10 years. Coyotes (Canis 
latrans) are among the more dd3cult animals to photograph under natural field conditions (i.e., in the "wild"). For 
studylng and photographing coyotes behaving routinely, I recommend the use of a "draw station" (i.e., cow carcass) 
and a blind that w ~ l l  allow relatively close inspection of coyote interact~ons. 
Photography has been an effective medium of 
communication for ovel- a centuiy. Perhaps the 
earliest and most poignant example are the wol-ks of 
photographers during the Civil War Dedicated in 
their intent to preserve the images of this brutal 
struggle, these men bl-aved the hardships of the 
bloody campaigns to oM'er the 20th centuiy and 
beyond a glimpse into this sad saga in American 
histo~y Since that time, the camera has brought to 
public's attent~on the progsession of world events 
thl-ough the ~llustrated pages of books and penodi- 
cals. 
Until early in the 20th centuly, serious photog- 
raphy was restncted to those professionals whose 
dedication and means allowed them to overcome the 
difficulties of the medium. Heavy cameras and 
lenses, slow film and complex chemicals effectively 
isolated almost all of the general public from engag- 
ing in the expression of photography 
With the introduction of compact small fo~mat 
cameras and a variety of film types, photography 
finally becanie an almost essential element in all 
facets of society by the late 20th centuly As an 
educational tool, or sunply documenting the progres- 
sion of famlly life, the camei-a has evolved as a key 
element in the mainstream of education, business, 
and the private sectoi- 
During the past 2 decades, the visual sophlstica- 
tion and demands of the Noith American, if not 
world readersh~p, has increased progressively. 
Photog-aphy has become essent~al in ~llustrating the 
wltten word for both popular and sc~ent~fic publica- 
tions. As a result, publishers of almost all periodi- 
cals are requiring supenor quality and depth to the 
photo coverage to seive the interests of the ever 
more demanding reader. Consequently, the need to 
constantly improve our communication skills t- 
hough photography IS of importance, espec~ally for 
those of us lnvolved in field of publishing and 
educat~on. 
When documenting the natural history of the 
coyote photogsaphically, it is essent~al to show the 
animal in as natural a state of existence as possible. 
Almost all publ~shed photos to date are of coyotes in 
controlled cond~t~ons or in public access areas where 
the creatures have largely lost the~r fear of humans. 
Accul-ate documentation of the coyote's ways IS often 
altered dramatically when studied under such artifi- 
cial conditions. Photographic techniques do exist 
which could minimize altered behavioral patterns 
when applied to field studies. Although time con- 
suming and somewhat complex, these techniques 
have proven to be effective in documenting the 
natusal lifestyle of wild coyotes in the Rolling Plains 
of Texas. 
Thsee methods offield photography on the wild 
coyote which have proven effective are ca!ling, still 
hunting, and natural blinds on draw stations. 
Calling is perhaps the most popular method of 
v~ewing coyotes Used by huntel-s dating back to 
perhaps to the pre-19th centuly, calling is a favorite 
method familiar to most hunters It involves the use 
of a simple hand-held or electronic call that imitates 
the distress cr-ies of a natural prey species. The 
coyote, as well as a variety of other creatures, re- 
sponds to the sound and approaches to within a very 
short distance of the caller. When well concealed, 
photog rap he^-s can often get dynamic close-ups of 
animals in this manner. The negat~ve side of calling 
is that most of the photos are basically I -dimensional 
in that vely little action and interaction between 
other coyotes IS possible. 
Still huntlng with a camera is a good method in 
which to attain photos of coyotes unaware of human 
presence. Although an escellent way to find coyotes 
behaving in a natural manner, the still approach is 
time consuming, as it is extremely diflicult to ap- 
proach coyotes to within a close d~stance. 
The use ofnatural blinds on "draw stations" has 
proven to be the bcst mcthod for me in attaining 
photos showing varlous types of coyote behavior 
w~thout expending excessive time and energy cover- 
ing large tracts of land. Site selection for the blind 
depends upon prevailing winds, light angles, and 
coyote abundance. Available terrain and vegetation 
around the photo site should be conducive to clear 
viewing of coyote interaction. 
Draw stations can bc baited with the carcass of 
any domestic animal of heavy weight. I prefe~ments 
beef or horse weighing in excess of 300 pounds. 
Even then, the baits should be staked down to 
minimize the chances of several coyotes dragging 
the carcass away from the s ~ t e  
Photograph~ng w ~ l d  coyotes requires long 
telephoto lenses that allow photographs under low 
light condit~ons. Cost is sometimes prohibitive, but 
with high quality cditor~al demands at an all time 
high, low speed lenses will usually not mcct the 
demand~ng requircmcnts encountered under nolmal 
field conditions. 
THE COYOTE 
by Baxter BlacK 
Take him for what he's worth, nothing more, nothing less. 
I think I can speak for the coyote 
With more understanding than most 
Especially those who defend him 
And live on the New Jersey coast 
They raise up a pitiful cty 
And claim he's a mistreated critter. 
Who'll soon be extinct if the ranchers out west 
Don't put down thetr rifles and quit'er. 
But like all of God's creatures around us 
There's always two sides to the tale. 
I think if the coyote were human 
That most of 'em would be in jail. 
Cause there's no doubt he preys on the weaklings 
Or the youngsters too little to run 
He slits the throats of cute little lambs 
And drags little calves from their mom. 
So if you must describe him in terms 
Such as wily, and clever and keen 
You must also include homocidal, 
Sadist~c, demented and mean 
But I will choose to do neither 
And somehow I wish you would too. 
For the coyote he has no conscience 
He's just doin' the best he can do. 
You can like and dislike the coyote, 
Many ranchers I know do both 
When he trespasses he'll get shot at 
But his song in the night brings a toast 
A toast to our neighbor the coyote 
Who'll outlive the earth and the sky. 
And be here long after we've patted 
Like the cockroach, the rat and the fly. 
'Copyright 1986 by Baxter Black Reprinted with per-rtlissionJi-ottl Coyote Cowboy Poetry. 
The Ole Coyote 
Some call him a song dog, 
Some call h~n i  an 01' wolf 
Let me tell you fcllcrs, 
He shore 1s tntY 
I k ' s  been around 
For an a\\.ful long tlme, 
Before your killfolk, 
And even some of nilne. 
Now don't get me wrong, 
I ain't takin' sides, 
Cause I've even took 
Some of their m a n g  Iitdzs 
The 01' t~ma-s made a li\>in' 
Trappin' t h ~ s  om217 cuss, 
With the market the way I[ 1s now, 
Trappess say ~t a~n ' t  \vot-th the fuss 
To c~ ty  folk he's a pretty s~ght, 
They enjoy h ~ s  yodel on a moonlit n~glit 
To the fa~mer  and ranchcr, 
He's like a st~ck in their eye, 
There's no 1oi-e lost beticen 'em 
They w ~ s h  they all \vould die 
Now the old sheep fatmer 
He's tried to get the best of this critter. 
But the ole coyote and Mother Nature, 
Respond by increasin' the litter. 
Now all this ain't just by chance, 
This ole wolf can adapt to any circumstance. 
He can ltve in the desert where there's lots of heat, 
Or he can sut-vive on the big c~ty's  treet 
He's been here since Columbus first came, 
He's made tracks from Texas to Maine 
Now remember I ain't choosin' sides, 
I've lost many a calf to his cunning hide 
If t t  should come to a nucleat- war, 
And these 01' pla~ns are balren to grown no more. 
Then he comes a crawl~n' out of h ~ s  hole, 
This 01' coyote nobody wants to know. 
He's a survivor and always will be, 
Dad fetch h ~ s  hide, the cow-yodee! 
'Cop,vr.rglrt I994 by Ket7f Kollirrs. Repr.rrlted wrth per~rrrissioi~f,~ortr Cowlboys, Ki??folks arid Henio?~hoids. 
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